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SUMMARY

Hydrogels are superabsorbent polymers that can retain and gradually release large amounts of water,
improving soil moisture, structure and nutrient retention. Their application in agriculture enhances seed
germination, root growth, biomass accumulation, yield, and water and fertilizer use efficiency-especially in
drought-prone and sandy soils. Hydrogels also help crops tolerate stress from drought and salinity. While
promising, challenges like cost, biodegradability and long-term soil impacts remain, highlighting the need for
further research. Overall, hydrogels offer a sustainable solution for improving soil health and crop productivity
under water-limited conditions.

INTRODUCTION

The increasing frequency of drought events and erratic rainfall patterns caused by climate change pose
serious challenges to global agriculture, particularly in arid and semi-arid regions. These environmental stresses
often lead to poor soil moisture retention, reduced nutrient availability, and a significant decline in crop
productivity. In response to these challenges, innovative water-saving technologies and soil amendments have
garnered attention. Among them, hydrogels-cross-linked hydrophilic polymers capable of absorbing and retaining
large amounts of water relative to their mass, have emerged as a promising solution for improving soil health and
sustaining agricultural production under moisture-limiting conditions. Hydrogels, also referred to as
superabsorbent polymers (SAPs), can absorb and store water up to 400-1500 times their dry weight, gradually
releasing it into the soil system as needed by plant roots. Their application in agriculture has been shown to modify
key physico-chemical properties of soil, such as bulk density, porosity, infiltration rate, water-holding capacity,
and nutrient retention. By improving the soil's water and nutrient management, hydrogels contribute to the
enhancement of plant growth parameters, including seed germination, root development, biomass accumulation,
and yield attributes. Moreover, hydrogels can reduce the frequency of irrigation and fertilizer application, which
not only conserves water and nutrients but also reduces leaching losses and environmental pollution. Their use is
particularly beneficial in light-textured, sandy soils, which are inherently low in water and nutrient retention.
Hydrogels also help in stabilizing soil aggregates, preventing crust formation, and mitigating the negative impacts
of salinity and drought. Despite their potential, the performance of hydrogels can vary depending on their chemical
composition, soil type, crop species, climatic conditions, and application methods. Therefore, a comprehensive
understanding of their behavior in different agro-ecological systems is essential for optimizing their use.

What are Hydrogels?

Hydrogels are hydrophilic polymers with the ability to absorb and retain large amounts of water relative to
their mass (Khan et al., 2016). When applied to soil, they act as water reservoirs, releasing moisture gradually to
plant roots and improving soil structure. Available in synthetic and biodegradable forms, hydrogels are versatile
and effective in a wide range of agricultural applications.

Impact on Soil Physico-Chemical Properties

Hydrogels have a profound impact on the physico-chemical properties of soil, making them a valuable tool
for improving soil health and crop productivity. One of their primary benefits is the enhancement of soil water-
holding capacity, which reduces water loss through evaporation and drainage, ensuring a consistent moisture
supply to crops. By improving soil aggregation, hydrogels enhance aeration and porosity, creating an optimal
environment for root development and microbial activity (Azeem et al., 2023). Additionally, they reduce nutrient
leaching by retaining dissolved nutrients within the root zone, thereby improving nutrient availability for plant
uptake. Hydrogels also help regulate soil temperature, moderating fluctuations and protecting plants from heat
stress. These combined effects make hydrogels an effective solution for improving soil functionality and
supporting sustainable agricultural practices.
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Influence on Crop Growth

Hydrogels have a profound effect on crop growth by ensuring optimal water and nutrient availability. They

stimulate seed germination, promote robust root development, and enhance vegetative and reproductive growth.
Crops grown in hydrogel-amended soils show better resistance to drought stress and achieve higher yields and
improved quality. These benefits are particularly pronounced in arid and semi-arid regions, where water scarcity
limits agricultural productivity.

Applications in Agriculture

Hydrogels have shown significant potential in enhancing crop growth and yield by improving soil moisture

availability and nutrient efficiency. Their application in agriculture has been explored across a wide range of
crops, particularly in drought-prone and sandy soils, where water retention is a major limitation to productivity.
The following section highlights the various ways hydrogel application influences crop growth:

1.

e o PO o

Improved Seed Germination and Seedling Establishment

Hydrogels create a moist microenvironment around seeds, which is crucial for rapid and uniform germination.
Studies have shown that hydrogel-treated soils maintain consistent moisture, leading to faster emergence rates
and better seedling vigor.

This is particularly beneficial in dryland farming, where early moisture stress can severely reduce plant stand.

. Enhanced Root Development

By maintaining a favorable soil moisture regime, hydrogels stimulate deeper and more extensive root systems.
A well-developed root system enhances the plant’s ability to explore a larger soil volume for water and
nutrients, thereby improving stress tolerance and nutrient uptake.

. Increased Plant Biomass and Growth Parameters

Application of hydrogels has been reported to significantly increase plant height, leaf area index (LAI), number
of tillers, and chlorophyll content.

Enhanced biomass accumulation is attributed to reduced physiological stress and improved photosynthetic
efficiency under optimal water conditions.

. Yield Improvement

Several studies across crops such as wheat, maize, tomato, cotton, and sorghum have reported increased grain
yield, fruit size, and harvest index with hydrogel application.

Yield enhancement is primarily due to reduced water stress during critical growth stages like flowering and
grain filling.

. Better Water Use Efficiency (WUE)

Hydrogels act as a moisture reservoir, gradually releasing water to match plant needs, reducing the frequency
and volume of irrigation.

As a result, crops can maintain growth under limited water availability, improving irrigation water use
efficiency, which is vital in water-scarce regions.
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6. Nutrient Uptake and Fertilizer Efficiency

« Hydrogels reduce leaching of nutrients such as nitrogen and potassium by holding them in the root zone.

« This improves fertilizer use efficiency (FUE), reducing input costs and environmental pollution.

7. Stress Tolerance and Resilience

o Hydrogel-treated plants show better tolerance to drought and salinity by mitigating osmotic stress and
improving cellular water balance.

« It supports sustained metabolic activity under adverse conditions, resulting in less yield fluctuation under
climate extremes.

8. Crop-Specific Applications

« In horticultural crops (e.g., tomato, cucumber, and chili), hydrogels have improved fruit size, quality, and shelf
life.

« In field crops (e.g., maize, wheat, and soybean), they contribute to increased biomass and grain yield under
deficit irrigation.

« In tree plantations and nursery management, hydrogel applications have improved transplant survival and early
growth.

Challenges and Research Directions

While hydrogels offer immense potential, challenges like high production costs, degradation concerns, and
their impact on long-term soil health need to be addressed. Research is ongoing to develop cost-effective,
biodegradable hydrogels and to optimize their application rates for different crops and soil types.

CONCLUSION

The use of hydrogels in agriculture represents a significant advancement in soil and water management. By
improving the physico-chemical properties of soil and supporting plant growth, hydrogels contribute to sustainable
farming practices and resilience to water scarcity. As awareness and accessibility improve, hydrogels are poised to
play a critical role in the future of agriculture.
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