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Abstract: Three dimensional cross-linked macromolecular structures of polymeric hydrogels (PHGs) that have more
capability of absorbing and holding large amounts of water in comparison of their dry mass. Their outstanding water
retaining potential and ability to controlled discharge of nutrients, agrochemicals, and bioactive compounds have attracted
considerable interest in sustainable agriculture. This review illustrated about the structure, classification, synthesis, and
applications in agricultural field. Their hydrophilic nature of polymeric materials has emphasis on their responsibility in soil
conditioning, water management, fertilizer delivery, crop productivity, and microbial activity. The advantages, limitations,
and future prospects of synthetic, natural, and hybrid hydrogels in agricultural systems are also discussed.
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I INTRODUCTION limitations, and practical challenges are addressed, alongside
classification based on source and properties.
The hydrophilic polymers having macromolecular
materials have strong affinity toward water. When hydrogels 1.
are present in cross-linked into a three dimensional
arrangement [1-3], they form hydrogels capable of absorbing

ADVANTAGES OF HYDROGELS IN
AGRICULTURE [7]

up to 4000% of their dry weight in water and it maintained
their structural stability under pressure. The availability of
functional groups likes hydroxyl (-OH), amide (-CONH-, —
CONH2), sulfonic (—SO:H), amine (-NH:), and carboxyl (—
COOH) [4] that contributes their water absorption and
retention capacity. Owing to their insolubility in excess water
and swelling ability, polymeric hydrogels (PHGs) have found
diverse applications in agriculture [5].

This review summarizes the role of hydrophilic

polymeric materials in crop production, soil improvement, and
controlled delivery of agrochemicals [6]. Their advantages,
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Polymeric hydrogels shows a number of functional
valuably about agricultural field:

A. Managing of Moisture

Polymeric hydrogels have superabsorbent potential that
represent facilitate retention and gradual release of water in
the rhizosphere shown in Figurel [8].

B. Carrier Activity

Polymeric hydrogels encapsulate and deliver fertilizers,
micronutrients, stimulants, and pesticides in a proper manner.
Some hydrogels and their functions are given in Table 1[6].
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Fig. 1- Conditioning of Soil with Hydrogel.

C. Conditioning of Soil

Hydrogels are improved their physical, chemical, and
biological soil properties, increase fertility, and it act as
localized water basin. It gradually released absorbed water to
soil that maintained moisture and helped to the crop and
plants. That provides water and helped in development of
plants that is why it benefits to the arid region vegetations [6].

D. Performance Towards Plant

The hydrogels holding capacity helped into the
improving of soil ventilation, root propagation, and water
delivery, they encourage higher rates of germination,
vegetation survival, and productivity; in due course reduce the
costs cultivation [6].

E. Prevention of Soil Erosion and Landscaping

The water retention capacity of polymeric hydrogels can
be used in arid regions, urban landscaping and kitchen
gardens. In which hydrogels where they mitigate soil erosion
and increase seedling of crop in agricultural field. [9].

F. Cultivation in Soilless Region

Due to their structural network it facilitates the holding
capacity so that it feasible to used in hydroponics and sandy
area. At this position insufficient fertile soil are present. Use
of hydrogel enhanced the farming of sea and ponds.

G. Sustainability of Nutrient Release

Hydrogels have encapsulation capability towards the
various substances like fertilizer, nutrients, micronutrients and
other agrochemicals. Due to the encapsulation ability of
hydrogels it released fertilizers gradually and maintained the
long time soil fertility.
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1. CLASSIFICATION OF HYDROGELS [10]
A. Based on Source

» Synthetic Hydrogels

These classes of hydrogels were synthesized in
laboratory and these are also known as artificial hydrogels. It
can be synthesized by using petrochemical monomers like
acrylamide and acrylic acid. They have high swelling
potential, mechanically strong and more stable. While these
hydrogels does biodegradable and it also shows non eco-
friendly in nature.

» Natural Hydrogels

This type of hydrogel obtained from biopolymers
including cellulose, starch, alginate, chitosan, and guar gum
etc which are renewable, eco-friendly, biodegradable in
nature. But these hydrogels have mechanical low stability and
also have low swelling and water retention capacity.

» Hybrid or Semi-Synthetic Hydrogels

Such classes of polymeric hydrogels are called as
copolymer. These hydrogels are the combination of both
synthetic and naturally occurring monomers. These hydrogels
are eco friendly, easy to naturally degrade, mechanically
robust. So that these hydrogels are make the alternative use in
agriculture field.

B. Synthetic Hydrogels [10]
There are two class of synthetic hydrogel found which
are based on the monomers used in these hydrogel:-
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» Polyacrylamide and Polyacrylate-Based Hydrogels

In this hydrogels acylamide and acrylate monomers are
used. Polyacrylamide and polyacrylate polymers are
commonly employed as in soil conditioners because these
have high swelling capacity (more than 2000 g water per gram
dry polymer). These hydrogels are synthesized by using free
radical polymerization, condensation polymerization, and UV
irradiation processes. The acrylamide and acrylate monomers
act as cross- linker. The cross-linking imparts structural
stability, facilitate water absorption without dissolution.

» Acrylic Acid—Based Hydrogels

This type of hydrogels are synthesized by using vinyl
groups monomers in which carboxyl functional group
facilitate the polymerization in which acidic atmosphere
maintained by the using of sulfuric of chlorosulfonic acid.
Derivatives hydrogels are shows as cationic, anionic, neutral
and amphoteric in nature that can produce interpolyelectrolyte
complexes which facilitate the stabilization of soil. In sandy
soil only 0.2-0.3% of these hydrogels can enhanced the 3-5
times water retention.

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/25sep 1158

C. Degradation and Limitations

Degradation of synthetic polymeric hydrogels are very
slow which influenced by type and climatic conditions of soil.
Degradation is slow under moist conditions as compared to
dry soils. Stability is relatively high at 20 °C, with
decomposition rates of 0.04-0.2% per year, corresponding to
lifetimes of 2-14 years. However, concerns persist about
accumulation and possible release of toxic monomers.[31]

D. Biopolymeric Hydrogels

» Cellulose-Based Hydrogels

Hydrogels that derived from cellulose are frequently
available having renewable and biodegradable nature. These
can be obtained by caboxymethylcellulose (CMC) or
agricultural waste materials like straw of rice and paper pulp.
Cellulose is also obtained by the some genus of bacteria. The
bacterial cellulose hydrogels have nanofibrillar structure that
increased the water retention capacity than hydrogel obtained
from plant derived cellulose hydrogel. These hydrogels have
effectively control nutrient, improved seed germination
degrade naturally in soil [31].

Table 1:- Some Natural Substances Based Hydrogels and their Role in Agricultural Field.

Category Natural Polymer Delivery Method Role in Agriculture Ref.
Polysaccharides Chitosan Nanoparticles, hydrogels, films | Sustain the release of pesticides, herbicides, [11, 12]
and fertilizers; biodegradable and
biocompatible carrier
Alginate Microspheres, hydrogels, Sustain the release of pesticides, herbicides, 13
nanoparticles and plant growth regulators
Cellulose Nanofibers, microspheres, Sustain the release of pesticides and fertilizers 14
hydrogels
Starch Microspheres, nanoparticles, Sustain the release of pesticides and 15
films herbicides; biodegradable carrier
Pullulan Nanoparticles, microspheres Sustain the release of pesticides and 16
insecticides
Pectin Microspheres, nanoparticles Sustain the release of pesticides and 17
herbicides
Dextran Nanoparticles, microspheres Sustain the release of pesticides and plant 18
growth regulators
Cyclodextrin Inclusion complexes, Sustain the release of pesticides and 19
nanoparticles herbicides
Hyaluronic Acid Nanoparticles, hydrogels Sustain the release of pesticides and plant 20
growth regulators
Carrageenan Hydrogels, microspheres Sustain the release of pesticides and fertilizers 21
Konjac Nanoparticles, microspheres Sustain the release of pesticides and 22
Glucomannan insecticides
Agar Nanoparticles, microspheres | Sustain the release of pesticides and fertilizers 23
Proteins Gelatin Microspheres, nanoparticles Sustain the release of pesticides and plant 24
growth regulators
Gums Gum Arabic Nanoparticles, microspheres | Sustain the release of pesticides and fertilizers 25
Xanthan Gum Hydrogels, microspheres Sustain the release of pesticides and plant 26
growth regulators
Guar Gum Hydrogels, microspheres Sustain the release of pesticides and fertilizers 27
Gum Ghatti Microspheres, nanoparticles Sustain the release of pesticides and 28
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herbicides
Gum Karaya Hydrogels, microspheres Sustain the release of pesticides and plant 29
growth regulators
Gum Tragacanth Microspheres, hydrogels Sustain the release of pesticides and 30
herbicides

» Collagen and Alginate Hydrogels

Hydrogels that derived from collagen have high
absorption capacity (up to 2208 g/g) and sustained release of
nutrients. Sodium alginates a polysaccharide with linear
structure have carboxyl and hydroxyl functional groups, which
undergoes ionotropic gelation with calcium ions. This
hydrogels exhibit swelling potential up to 55 g/g and in effect
it enhanced crop development under arid stress [32].

» Chitosan and Polyion Complex Hydrogels

Chitosan is a cationic biopolymeric material that
interacts with anionic charged polymers such like
carboxymethylcellulose and produced polyion complexes.
These gels improved soil structure, prevent soil erosion, and
improved mechanical stability by electrostatic interactions
between each other [33].

E. Semi Synthetic and Composite Hydrogels or Copolymer

The semi-synthetic polymeric hydrogels are a
combination of natural and synthetic components polymer that
improved functionality and sustainability. It can be
synthesized by the using of natural and artificial components.
These types of polymeric hydrogels are as Starch-acrylic acid
copolymer, gaur gum-acrylamide blends and celluloses-
polyvinyl alcohol composites that improved the absorption of
water, natural degradability and capacity to release nutrients.
In other hands it these hydrogels improved the water
absorption and soil fertility [10].

F. Biodegradability of Hydrogels

» Synthetic Polymeric Hydrogels

This class of polymeric hydrogels shows slow
degradation by partial microbial assimilation. Some bacteria
and fungi degraded to the polyacrylamide and polyacrylates
by enzymatic depolymerization [34].
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> Natural Polymeric Hydrogels

Such hydrogels are readily degraded by enzymes
available in soil such as amylases, cellulases, chitosanases,
and alginate lyases.

> Hybrid Systems

Biodegradability of hybrid polymeric hydrogels depends
on the proportion of natural polymers and synthetic monomers
available in form of cross linkiner.

G. Hydrogels as Carriers for Fertilizers and Agrochemicals

> Fertilizers

Hydrogels encapsulate the nutrients viz urea, ammonium
phosphate, and potassium salts in polymeric hydrogel and
enhances the applied efficiency of nutrient and so that
minimizes leaching. Composite hydrogels with oils, biochar,
or nanoparticles have been designed for controlled release
mechanism shown in Fig.2 [31].

> Pesticides and Herbicides

Hydrogel have micro porous matrices which helped into
the regulation and release of pesticides including glyphosate,
chlorpyrifos, and carbendazim. It also reduced the
environmental contamination and improving application
efficiency [31].

> Biofertilizers and Microbial Carriers

Hydrogels are bringing to hold valuable microorganisms
(e.g., Azospirillum, Bacillus spp.), shielding them against
ecological stresses and facilitate continued release in soil. The
Chitosan—starch and alginate-based hydrogels have shown
brilliant compatibility with soil microorganisms [35].
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Fig: 2 Release of Compounds Encapsulated Mechanism in a Polymer Hydrogel

V.

EFFECT ON PLANT GROWTH AND PRODUCTIVITY

Experimental studies express the positive impact of polymeric hydrogels on diverse crops are shown in Table 2.

Table 2:- Impact of Polymeric Hydrogels on Diverse Crops

Crop Category Name of Crop Hydrogels positive Effect on crop Ref
Cereal Spring Wheat Enhanced the use of water efficiency, accumulation of greater biomass and [36]
facilitate more grain yield
Winter Wheat Developed germination seed, tolerate better to the drought and improved yield. [37-41]
Barley Better plant growth, higher number of grain and resist water stress. [42]
Corn (Maize) Elevate chlorophyll matter, Boosted root growth and greater yields of grain. [43-45]
Vegetable Carrot Boosted the seed germination, enhanced root weight and more productivity. [46-47]
Potato Elevate size of tuber, highly retention capacity to soil moisture and gave overall [48]
yield.
White Cabbage Better vegetative growth and more water retention capacity [46]
Cucumber Fruit yields high; elevate soil moisture condition and good nutrient uptake. [49]
Tomato Improved quality of fruits, number of fruits and prolonged availability of water in | [50-51]
soil.
Radish Much more germination, much root weight, improved drought resistance [49]
[52-54]
General Impact Across Crops Elevate soil water holding capacity, minimize irrigation frequency, enhanced
nutrient uptake efficiency and higher yields

Out of the above crops and vegetable shown in table 2, it
also shows the positive impact on horticultural plants such as

lettuce, guava and ornamental plants. Polymeric hydrogels
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drought stress and up to 70% yield increases as compared to
controls.

V. CHALLENGES AND FUTURE PROSPECTS

In spite of their demonstrated benefits, hydrogels are
accepted on large-scale in agriculture is agricultural field with
high production costs and the synthetic residues persistence in
soil. Future research should focus on:

o Development of cost effective eco-friendly, biodegradable
hydrogel formulations using agro-industrial wastes.

o Designing hybrid hydrogels that balance biodegradability,
water retention and mechanical stability.

e Expanding valuable applications of hydrogel in microbial
inoculation, precision nutrient delivery and climate
resilient agriculture.

VI. CONCLUSION

The polymeric hydrogels correspond to a promising
class of materials that more sustainable for agriculture.
Through improving soil structure, water retaining, sustained
nutrient release, and helpful towards microbial activity,
polymeric hydrogels developed the crop performance,
especially in arid region or under drought conditions. All the
polymeric hydrogels likes synthetic, natural, and hybrid
hydrogels each acquire unique advantages and limitations.
Future advances of hydrogels in biodegradable and cost-
effective hydrogel systems seized potential to transformation
on agricultural practices toward greater resilience and
sustainability.
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