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1. Introduction:

The most crucial sector of the world economy is agriculture [1]. Nearly 1.3 billion people (About 40% of world)
relying on agriculture. Drought has a dire impact on agriculture. Drought disrupts plant growth, resulting in a
decrease in crop quantity and quality [2]. Application of water directly to the crop surface is a frequent irrigation
method; however, it does not solve the drought problem [3]. Further, a large amount of water is wasted due to
evaporation or runoff, and plants take in too little water, resulting in lower yields [4]. Sprinklers are an alternative
method to reduce water waste but necessitate the purchase of costly equipment that most farmers cannot afford
[5]. With a limited supply of freshwater and arable land, and an expected increase in global population of 9
billion by 2050, and 11.2 billion by 2100, [6], Food production must be tripled to provide enough food by
increasing the yields of various crops both vertically and horizontally, and to reduce the gap between food crop
production and consumption. There is a growing focus on producing enough food to feed each of us using
every technology available. The need for water is constantly increasing in the current global ecological and
economic scenario, yet the availability of clean water is decreasing [7]. Drought impact on farming is a worldwide
issue that has prompted experts to seek novel solutions [8]. Drought cannot be stopped, but due to the growing
availability of technological innovation, it can be forecasted. In some cases, hydrogel polymers having good water
absorption capacity and retention capabilities even at high temperatures are one of the interim solutions [9].
Hydrogels improve soil physical properties by increasing water retention capacity, increasing infiltration and
reducing irrigation frequency [10]. Cross linked polyacrylates or polyacrylamides are the most common hydrogel
polymers employed in agriculture so far [11]. The inside of a hydrogel polymer is filled with water and buildup
with a network of polymer chains. [12]. These structures may absorb and store rain water [13]. Using hydrogel
polymers in soil allows water to be released slowly into the soil, allowing plant roots to absorb water more
slowly, thus meeting their needs over a longer period of time [14]. Hydrogel polymers act as soil amendments
to provide a suitable environment around plants when the root zone soil dries up, improving the efficiency of
irrigation water and prolonging the duration of irrigation are both important in the field of agriculture. The
dosage of hydrogel polymer must be adjusted according to the soil conditions [15].Based on sources, Hydrogel
polymer may be natural or synthetic. Synthetic polymer hydrogels are not biodegradable, which hurts the
environment [16]. Natural polymers (agarose, alginate, and chitosan) can be used to alleviate the problem of
hydrogel structure deterioration. Irrigation using biopolymer hydrogels could be a solution to the current drought
situation [17]. In the agricultural industry, hydrogel polymers are used for a variety of purposes, including water
retention, seed coating, soil erosion reduction, food additives, tissue culture, and structural components
(covers for agricultural products) [18]. According to previous studies, applying low concentrations of
superabsorbent polymers (SAPs) to soil for physical properties such as aeration reduces the rate of
agglomeration and association between soil particles [19], Therefore, the application of hydrogels may be the
best technology to improve water and fertilizer efficiency in arid regions [20]. In this review, we discuss the role
of hydrogel polymers in agriculture.

2. Hydrogel Polymer:

Hydrogel polymers are three-dimensional hydrophilic macromolecular components [21]. They are commonly
used for drug delivery in medicine and as nutrient carriers for agricultural plants [22]. In comparison to their
bulk, hydrogels can store a considerable amount of liquid by absorption [23], which can greatly boost their volume
while avoiding the dissolving process. Water can be progressively released from this arrangement in a dry
atmosphere. Hydrogels are curled up polymer bundles in their dry condition, which gradually relax and elongate
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when exposed to water [24]. When the absorption process is finished, the hydrogel reaches its maximal swelling
and can no longer absorb any more water. Hydrogel polymers are inert materials that affect soil physical
properties such as soil aggregates, soil permeability and water holding capacity, as well as soil density, structure,
texture, and water release [25]. When the plant's root zone soil begins to dry out, the hydrogel polymer acts as
a soil conditioner, retaining water and nutrients and returning them to the plant. These materials improve
water use efficiency and watering intervals, increase soil water holding capacity by 2 to 4 times, and increase
soil porosity. They also ensure proper root zone conditions by providing water and nutrients to plants,
promoting plant vigor, root growth, and aeration [20], and also promoting seedling growth and reducing
irrigation water volume, thereby extending irrigation intervals [26].

2.1. Hydrogel sensitivity to atmospheric conditions: As was previously noted, hydrogels are 3-D cross-linked
hydrophilic networks that can reversibly expand and contract in a swollen state to absorb more liquid amount.
Several physical and chemical factors may cause them to dramatically change their volume, where temperature,
magnetic or electric field, pressure, light and sound considered as physical stimuli, while chemical stimuli
includes pH, ionic strength, solvent composition and molecular species (Fig.1).
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Fig.1:- Stimuli response for hydrogel swelling.
2.2. Hydrogel polymer water absorption and release mechanism: The process of water diffusion from polymer
capsules is divided into numerous steps. Water in the soil solution migrates into the hydrogel due to rainfall [27].

The water inside the capsule builds up pressure, causing the water to slowly leak out into the soil [28]. The
thickness and substance of the polymer covering are critical in controlled water release [29] (Fig.2).
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Fig.2:- Mechanism of water absorption and release.
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The capacity of hydrogel to absorb water amount is determined by two factors: first, the presence of a more
carboxyl groups shown to bind to polymer side chains and can bind water molecules [30], and second, the
polymer composition at the structural level and the appropriate porous structure [23].

3. Classification of hydrogel polymers:
By using various criteria, the hydrogel can be classified, as explained below (Fig.3):
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Fig.3:- Classification of Hydrogels.

(a) According to their Components/ source-based classification: Based on whether they are made of natural or

artificial materials, hydrogels can be divided into two categories.

e Natural Polymers: These consist of natural plant components such as cellulose, starch, protein, rubber or
animal products such as chitosan and gelatin, which are not harmful to the environment [31].

e  Synthetic Polymers: Polymer molecules are linked together by gamma rays through covalent or ionic bonds

(32].

(b) Depending on their polymeric composition: The preparation process results in the development of several

significant hydrogel classes. The following are examples of these:

e Homogeneous Polymers: It is made up of only one type of hydrogel polymer chain [33].

e Mixed Polymers: It is made up of two or more types of copolymeric hydrogels [23].

e Multipolymer: This group of polymers [interpenetrating polymeric hydrogel (IPN)] made up of two or more
types of natural and synthetic polymers in single compound [23].

(c) According to the configuration: According to their physical makeup and chemical content, classification of
hydrogels as follows:

e  Crystalline Polymers (Solid particles)

e Amorphous polymers (Liquid form).

e Semi-crystalline polymers (Glassy form) [34].
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(d) According to their cross linking: According to whether the cross-link junctions are chemical or physical,
hydrogel polymers are categorized into two groups. First, chemical cross linked networks, which have permanent
linkages and second, physical networks have temporary connections created by physical interactions (ionic
interactions, hydrogen bonding and hydrophobic bonds).

(e) Based on the physical appearance: In the preparation process, hydrogel polymer can take the form of a matrix
or a film is depending on the polymerization technique.

(f) Based on the charge on the cross-linked chain: According to presence of charge on the cross-linked chains,
hydrogel polymer can be seperated into various categories:

e Non-ionic.

e Jonic.

e  Amphoteric.

e  Zwitter ionic: Each structurally repeating unit contains both anionic and cationic groups.

4. Types of Hydrogel Polymers Used in Agriculture:

When the soil around the root Sdries, the various forms of hydrogel polymers absorb and store large amounts
of nutrient and water, reaching upto 100 times of their original size, and provide nutrient and water to plants
(201.

In agricultural field there are two main types of polymers are used as given below:

(a) Water soluble: This category of polymers comprises linear chains such as [35]:
e Dolyethylene glycol.

e Polyacrylamide.

e Doly vinyl alcohol.

e Dolyacrylates.

(b) Gel-forming: It is the most common variety in the farming sector; it is water insoluble and has been applied
in agricultural sector since 1980s [19]. Hydrogel polymers hydrates to create an amorphous gelatin-like mass
that can absorb and desorb for a lengthy period, when mixed with soil, thereby hydrogel acts as a water supplier
inside the soil [17]. Change in water absorbability as well as the amount that can be released to the plant
depending on the characteristics of their compositions; some polymers can reaching up to three hundred times
their original weight, while others can absorb up to hundred times their volume of water in a short time period
and providing high concentration of water to plants by releasing the absorbed water under dry conditions [36].
However, Super Absorption Polymer (SAP) is the important type of polymer used in agricultural sector because
of their characteristics such as high absorbency and water retention. One gram of hydrogel polymer has capacity
to absorb 400 and 500 ml of water. As a result, usage of SAP increases nutrient and water use efficiencies, also
ameliorate seed germination rate and development of plant [37]. To protect seedlings from plant pathogens,
increasing utilization efficiency and lowering production costs, various insecticides and slow-release fertilizers can
be incorporated into polymers [38].

6.The salient features of hydrogel polymer: The following is a list of the functional characteristics of an ideal
hydrogel material (Fig.4):
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Fig.4:- Features of hydrogel polymer.

7. Characteristics of hydrogel polymer for agricultural applications: Following is a list of essential hydrogel
properties for agriculture (Fig.5):
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Fig.5:- Characteristics of hydrogel for applications in agriculture.

8. Advantages of Hydrogel Polymer in Agriculture:

Agricultural drought is defined as a combination of meteorological drought (related to a reduction in rainfall,
and hence a reduction in soil moisture) and repercussions on agriculture [39]. Water consumption for plants
varies according to the crops grown and the amount of space available [40]. Drought in agriculture considers the
susceptibility of crops at various stages of development to negative drought factors [41], Reduced soil moisture,
for example, will be more significant to plant development in the early stages of crop development than water
scarcity and harvest. A lack of humidity during the growth of crops might lead to a reduction in productivity [42].
Due to its uses in various industries such as medicinal items, the cement industry, and agriculture, application
of polymer is a very important topic in both practical and research fields [43]. Polymers are utilized for a variety
of purposes in the agricultural industry, hydrogel used in soil conditioning, seed coating, fertilizers associated
carrier, and pesticide and herbicide carriers [44]. In dry and semi-arid environments, hydrogel polymer acts as a
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structural material to create a climate that is favorable to plant growth [11, 17, 20]. Hydrogel polymer is used as
retaining ingredient in various forms as shown below (Fig.6):
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Fig.6:- Advantages of Hydrogel Polymer

9. Methods to use hydrogel polymer:

Polymer can be employed in many different ways depending on its cultivation type:

e New farm: Soil mixed with polymers is added to the farm before seeds sprout [20].

e Fruiting Orchard: Hydrogel is incorporated at the right depth into the soil on both sides of the trees [45].

e Field crop: Hydrogel polymers are applied in the planting furrows during soil preparation so that they are
covered with soil and providing nutrient and water for the plants (44,46].

e Dolymer spraying: In some circumstances, hydrogel polymers can be sprayed directly on the soil surface.

10. Hydrogel applications:

Plant growth and crop yields conceivably hampered by many factors, such as more transpiration rates, limited
water retention capacity, high phytopathogen attack and soil moisture leaching [44]. As a result, agricultural use
of hydrogel polymers may have the various advantages i.e. improves soil texture, water conservation, resistance to
abiotic and biotic drought stress, reduced water consumption and irrigation frequency, decrease seedling
mortality rate, and reduced excess use of pesticides and fertilizers in fields. Hydrogel polymer has been used in
biological and agricultural applications in a few research studies. In order to satisfy the demands of increased
production, a recent study was undertaken on a new superabsorbent named "Pusa Hydrogel," created by the
ICAR (Indian Agricultural Research Institute New Delhi, India) [44,47]. Potassium polyacrylate is used for
preparation of this new hydrogel polymer and at 50 degrees Celsius it shows maximum absorbency, which was
particularly beneficial in arid and semi-arid soils [44,48]. Pusa Hydrogel was also found to be capable of absorbing
water up to four hundred times its original weight, reducing herbicide and fertilizer leaking into the soil while
also improving soil physical qualities [44,47]. In terms of plant growth, Pusa Hydrogel improved seedling
emergence, seedling growth, root expension, and crop irrigation requirement and fertilizer demands [44,46,47
]. This novel hydrogel, on the other hand, has no negative impacts on plants or soil [11,44,47]. The following are
some of the hydrogel applications for boosting plant performance that was discussed in this review:
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10.1 Soil Amendments:

Utilizing SAPs in the soil has a number of benefits, including the following in particular:

e By improving water and fertilizer retention quality, it increases soil aeration as well as reduced
evapotranspiration [20,44].

e Impact on soil property likes its permeability, density, texture, structure, evaporation, and water infiltration
rates [11, 20, 48].

e According to precise doses, it shows improvement of more than 50% in water retention capacity of soil [44].

e Soil implemented with hydrogel polymers have improved seedling germination and more water availability
(17, 44].

e  Soil texture can be changed by swollen hydrogel particles by changing the retention pores size and reducing
drainage pore size. As a result, considerable decline in soil saturation and hydraulic conductivity is induced
by inflated hydrogel polymer [44].

e Wet hydrogel polymers are particularly effective in blocking rainwater to create soil water reservoirs [44].

e  Minimizing soil erosion and water runoff.

10.2 Drought Stress Reduction: Drought stress, which is caused by a unavailability of water in the soil, can result
in the generation of free radicals and cell membrane damage by lipid peroxidation [49]. lipid peroxidation may
have undesirable morphological consequences, like reduced leaf area, stunted height, and leaf damage. As a
result, even in unfavorable environmental conditions, the application of hydrogels can improve growth and
production. Hydrogel reduce the need of frequent watering so by this property it improves shelf life of container-
grown plants [44]. Hydrogels have been found to have useful effects in horticulture, according to several studies,
and their addition cause sudden increase in the water retention capacity [44,46] and enhance the water storage
quality of porous soils, which is responsible for delaying in wilting periods. Turfgrass and bluegrass establishment
and drought resistance was boosted in the greenhouse growing media as well in the field by Viterra 2 Hydrogel

(44, 46,50].

10.3 Enhancement of Fertilizer Availability: Hydrogels are being used to reduce dependence on synthetic
fertilizers for production without compromising crop production or nutritional value [11,48]. All these hydrogel
properties are particularly useful for sustainable agriculture in semi-arid and arid environments [17, 44].
Potassium and nitrogen ions can also be added to hydrogels as fertilizer components [51]. For example, chemicals
present in polymer networks cannot be immediately washable, but must slowly reach the soil and be utilized
by the plants [44].On Mimosa scabrella seedlings, hydrogels mixed with several fertilizers based on conventional
NPK, superphosphate and potassium chloride improved their growth due to increased water retention and
nutrient uptake [44].

10.4 Seed Germination: No negative effects on seed germination were observed after hydrogel treatment [50,
52]. According to Ismail et al. [53], maize seeds treated with prepared superabsorbent hydrogels of acrylic acid
and acrylamide had a good effect on maize seed germination and seedling growth compared to seeds without
hydrogel [44]. Satisfactory effects on fresh and dry leaf and root weights were observed in hydrogel-treated
plants [44]. Elshafie et al. [52] investigated the biological activity of oregano essential oil - based hydrogel formula
and Burkholderia gladioli bacteria on Phaseolus vulgaris seed germination and observed that there is a highest
significant seed germination in oregano essential oil - based hydrogel formula and Burkholderia gladioli bacteria.

10.5 Plant Growth: According to Macphail et al. [50], turfgrass and Baron Kentucky bluegrass were affected by
various of hydrogels. They discovered that growth was unaffected at doses varies from O to 50 kg/100 m’.
According to Akhter et al. [54], use of hydrogel promoted plant development in certain species by improving
water retention, particularly in regur soils [44, 55]. Konzen et al. [56] demonstrated that the application of
hydrogel might similarly enhance collar diameter, fresh biomass, and plant height of M. scabrella seedlings under
greenhouse environment. Filho et al. [57] investigated the best hydrogel dose for establishing Enterolobium
contortisilliquum seedlings under 2° of brightness (50% and 100 %) and ten different hydrogel doses (0-6 g/L) and
they found that the two doses i.e. 2 and 3 g/L, resulted in the best seedling growth in sunny as well as in shaded
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conditions. Bernardi et al. [58] found that stem diameter and plant height of Corymbia citriodora substrates
increased 23 % by using 6 g/L hydrogel. Sarvas et al. [59], on the other hand, found that death of Pinus sylvestris
plant takes place after treatment of 7g/L of hydrogel.

10.6 Yield attributes and yield: A great influence of Super absorbent polymer is observed on yield of cash crops
in arid and semiarid locations, according to Dabhi et al. (60). According to Waly et al. (61), upland rice generated
more grains/panicle, more grain yield and biological yield/pot, and the highest grain protein % by the use of 1%
hydrogel. Pusa hydrogel, applied in furrow @ 2.5 kg/ ha during sugarcane planting, improved germination rate
and crop vigor, leading to increased IWUE, cane return and CCS yield (62).

11. Important polymer safety precautions:

In fruiting orchards, to avoid damaging the tree's root system, the polymer should be applied in a circle around

the tree, and it must be covered to shield it from the sun's heat [63]. Some other important precautions are listed

below:

e Certain amount of moisture is required before adding of polymer in soil; so avoid adding of polymer into
dry soil [64].

e Irrigation of the polymer immediately after application to activate it [19].

e Deciduous trees in an orchard: It is preferable to apply polymers during the dormancy/resting period.

o Field crop and Vegetables: To reduce the adverse impact of weather conditions, polymer is blended with soil,
and covered after addition [19].

12. Hydrogel Biodegradability: Hydrogel are usually well fragile and efficiently assimilate into plant
tissues [44]. Hydrogels, in contrast, are quickly destroyed after exposure to UV light. Polyacrylate, is highly
susceptible to anaerobic and aerobic soil microbes, and is quickly decomposed into H,O, CO,, and N,
compounds [44]. Hydrogels undergo process of mineralization as a result of biological degradation, such as that
caused by fungi [44]. The biological breakdown of many types of polymers in the soil, in particular, is quite
successful, especially under solubility conditions [44]. For instance, under aerobic conditions, hydrogel (Acrylate
- based) biodegradation in municipal compost was achieved at a rate of 1- 9% /year comparable to that of
decomposition of organic matter in the forest regions [44].

13. Drawbacks of Hydrogel in Agriculture:

The hydrogel's ability to absorb water is influenced by a variety of parameters, many of which limit its applicability

in agriculture, as shown below:

e Water hardness has some bearing on how well the hydrogel absorbs water. The hydrogel's ability to absorb
water is significantly diminished by the increased hardness brought on by rising Ca2+ and Mg2+ ion
concentrations, which are mostly present in fertilizers and irrigation water sources. These magnesium ions
interact with the polymeric chain of hydrogel at negative sites as it absorbs water, forming insoluble salts that
block the ion sites. This obstruction worsens as a result of the water's increased salinity and additional soaking
and drying cycles [65].

e The majority of soils have adequate water holding capacities for plant growth. If there is even a small amount
of rainfall, water present in soil is exhausted therefore, hydrogel cannot solve the issue. Similar to that, it
won't work at all under evenly distributed rainfall conditions [66].

e Usually, the hydrogel's price is excessively high, which makes it difficult to change the active rooting depth.
Therefore, it can only be used to reduce irrigation frequency or reduce stress between irrigations in high-
value crops, especially in cases when plant /crop value and quality are negatively impacted by drought stress.

e The effectiveness of hydrogel is highly affected by the nature of crop species, polymer type, timing and the
method of application, and the soil texture. Typically, the polymers should be mixed into the soil at a proper
depth, close to the root zone [67].

e Numerous studies have demonstrated that the hydrogel amendment to soil had little to no negative and
positive effects on crop yield and moisture retention, respectively. When plants are under water stress, they
can prefer to irreversibly take water from the biological system, which results in plant stands wilting.
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14. Future trends for hydrogel polymer:

In the agricultural industry, the usage of hydrogel polymer has recently demonstrated remarkable potential and
growth [11, 20], hydrogel polymer also drawing substantial interest in semiarid and arid locations to improve
soil properties and crop yield [17, 20] . On the other hand, natural materials are now being used to obtain the
majority of these materials for multifunctional applications, particularly in the field of slow-release nutrients [20].

15. Conclusion:

There is a surge in new inventive plant protection tactics being developed around the world in order to reduce
reliance on pesticides (synthetic/chemical) while also protecting environment and living organisms [11,48].
Hydrogels have been effectively employed to improve plant performance and protect soil to face a variety of
unfavorable environmental circumstances [17, 48]. The necessity of integrating SAPs and hydrogels for protection
of seeds, soil, and plants has been underlined in the current review in [48]. As a result, using hydrogel-based
natural agents to protect seeds and plants has yielded excellent results in terms of preserving soil fertility,
minimizing water use, and reducing nutrient loss [17,48].
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