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Abstract
Polysaccharide is naturally occurring carbohydrates with long chain structure that derived from various plants and plant’s products, algae, fungi and some microorganism which are emerged as versatile, maintainable materials which shows applicability towards agricultural fields. Their inherent biodegradable, biocompatible, film forming nature and capability to alter water holding, systematic release of nutrients that represents them as conditioners of soil, seed covering, sustainable release of fertilizers, biopesticide haulers, insulating films and safeguard of post harvesting. In this review we emphasized to the sources and constituents of agricultural polysaccharides as cellulose, starch, pectin, alginate, chitosan, gaur, xanthan and carrageenan, their extraction scheme, extraction frameworks, alteration approaches, observes’ mechanism by which enhanced the production of crop, sustainable toward environment, reviews significant applications with specific examples and also discussed about the technical contest and future research guidelines.       
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1. Introduction
For the nourishing of human life, agriculture field acting an important role and it also insured word wide safekeeping of food (Cláudia et.al., 2022). Though the agricultural uses tackles problems in decay of soil (Mohammad et.al., 2025), reduction in crop yield, extreme chemicals manures and pesticides used which enhance the atmospheric pollution (Mohammad et.al., 2025 & Punniyakotti et.al., 2025). The minimizing of developed problem the above agricultural practices diverted recently toward supportable uses that reduced the atmospheric effect and also maintained the crop yields. Though polysaccharides that have ecofriendly, reusability and adaptable efficient character hence it attracts the attention for the agricultural practices (Hongkun et.al., 2025 & Ouyang et.al., 2024). 
[bookmark: _Hlk212667482]Polysaccharides composed of repeated units of monosaccharides by liking with glycosidic bonds and it also known as complex of carbohydrates (Zichao et.al., 2023). It frequently available in nature that easily obtained as cellulose, starch and pectin from plant, chitin and chitosan by animal (Yao et.al.2022, Joseph et.al. 2020 & Wu et.al. 2017) while xanthan and pullulan from microbial sources (Pandey et.al. 2021 & Mahmoud et.al.2021). These derived biopolymers show a variety of physicochemical characters that represents them as applicable toward various agricultural uses as conditioning of soil, water holding capacity, effective agrochemicals release, seed coating, development of plant growth and protect to the plants with pathogens (Thiago et.al. 2022, Raj et.al. 2011 & Zaryab et.al. 2023). The recent development in material science and technology in polymeric materials facilitate the tailoring in polysaccharide by which it improved their effectiveness in agricultural fields (Kunal et.al. 2025). Developments of polysaccharides-based hydrogels enhanced the water retaining capability, competency to use nutrient so that it reduced irrigation frequency and misused of manures (Dastnaei et. al. 2025). Likewise, film of polysaccharides and nanoparticles an emerging material that have competent carriers of fertilizers, pesticides and micronutrients for sustainable development and it also ensuring in optimum grasped by plants and minimum contamination occurs by atmosphere (Oluwatoyin et.al. 2025). 
In this review paper author emphasized on the new developments about polysaccharides and their application in agricultural area and also covers its structural behaviour, functional alterations and importance in improving in crop yields and health of soil. Moreover, it also emphasized about the new contest future prospective that indicates the developments of materials of polysaccharides that make suitable for agricultural practices.            
2. Sources and Structures of Major Polysaccharides
2.1 Cellulose
The vascular plants are core source of the cellulose, that can be occurs in wood, cotton several others substances of plants as agricultural waste, grasses and straw represents in figure 1a. It can also be derived from some microorganism like bacteria and algae. It is biopolymer that abundantly available in nature, that have linear structure with β-(1→4)-linked glucan produced microfibrils as in crystalline form. There is wood, crops residues as straw, husk and some bacteria are the main source of cellulose. It’s have mechanically strong and easily film forming capability that facilitate to cellulose and their carboxymethyl cellulose (CMC) and methylcellulose derivatives helped for coating and transportations of agricultural products (Zichao et.al., 2023 & Devabaktuni et.al. 2011). The structure of cellulose given in figure 1b. (Collard, et.al.2014).  
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[bookmark: _Hlk212931865]Figure1a: Sources of Cellulose
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Figure1b: Structure of Cellulose

2.2.  Starch
This polysaccharide obtained by the combination of linear amylose with α-(1→4) and branched amylopectin α-(1→4)/ (1→6) linkage. The naturally occurring starch classified in to three class which are based on the sources and their structure is given in figure 2a and 2a respectively as (Ming et.al. 2022, Wang et.al. 1998 & Yang et.al. 2025),
2.2.1. A types Strach
[bookmark: _Hlk212747939]It is distinct class of grains, their primary source is cereals as wheats, corns and sago having size more than 10 µm in diameter and it also shows specific physical and chemical properties shown in figure 2. In these compounds contained much larger amount of amylose contents that makes smooth surface. These characteristic of starch encouraged the behaviour in processing likes more gelatinous temperature and pasting viscosity. The film of starch polysaccharides is economical, encapsulation matrices and controlled release formulations (Kumar, R. et.al. 2023& Moon et.al. 2024).
2.2.2.  B-Class of Starch
This class of starch are smaller granules, tapioca, potato and water chestnuts is the main source natural starch, size of this type of starch is oval or polygonal and has 1 to 10 µm in diameter. These polysaccharides have variable physicochemical properties as compare to large granular size A type starch. Because of their size is smaller, variable molecular structure and it formed variable stages by development of grains. Therefore, it contains more gelatinization temperature, larger percentage of lipid and protein and it also show elasticity nature in a dough (Kumar, R. et.al. 2023& Moon et.al. 2024). 
2.2.3.  C-type starch 
This type of starch is a mixture of both A and B types of starch with crystalline moiety; it formed much complex as compare to A type obtained from cereals an B type occurs in potatoes starches. Seeds, legumes rhizomes other crops and several parts of plants are main source of this class of starches that have more resistance and leisurely digestible physicochemical properties (Cai et.al.,2014).
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Figure 2a: Source of starch   
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Figure 2b: structure of starch   

2.3. Pectin
The pectin is mainly obtained by citrus and apple pomace on commercial scale, juice industry isolated in form of byproduct. Out of these fruits large amount of pectin obtained from quince, mangoes and passion fruits out of these sugar beet pulp, sunflower heads and some other wastage of fruits and vegetables are alternative source of pectin illustrated in figure 3a and its structure shown in figure 3b (Han, et.al.2025). The slightly under ripe fruits contains abundant amount of pectin as compare to ripe fruits. Pectin a kind of heteropolysaccharide which contains enormous amount of galacturonic acid, formation of gel in acidic medium or in presence of calcium ions, it has encapsulated and coating are easily degradable with atmospheric conditions (Roman-Benn et.al. 2023).
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Figure 3a: Source of pectin
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Figure 3b: Structure of pectin


2.4 Alginate
The primary source of alginate is brown seaweed also known as kelp, it can also be derived from specific bacteria. The bacteria as Macrocystis pyrifera, Laminaria and Ascophyllum are the primary commercial source, such types of species are universally on several coastal areas. 
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Figure 4a: Source of alginates
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Figure 4b: Structure of alginates

In spite of these Pseudomonas aeruginosa bacteria also can generates alginates that have define chemical structure, it can potentially use in various agricultural purpose. Their isolation routs are given in figure 4.   The alginates mainly extracted from brown seaweeds it is copolymer that contains mannuronic and guluronic acids. The divalent cations viz. Ca2+ ions with ionotropic gelation emphasized glib bead and bead encapsulation process for fertilizers, useful microbes and pesticides (Nath, (2025, Paques, et.al.2014, Qosim, et.al., 2024, Rahman et. al. 2024 & Zabihi et.al. 2024).
2.5 Chitosan
The main source of chitosan by the deacetylation of chitin which are obtained from crabs and shrimp’s crustaceans exoskeletons, fungi, insects, few algae and mollusks. The waste of fishing occupation is commercial source of chitosan given in figure 5. Chitosan can directly be obtained by some specific fungi and it can also be isolated by processing with chemically and biologically of both crustaceans and fungi (Román-Doval et.al. 2023).   
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Figure 5: Source of chitosan
The isolated chitosan has cationic polysaccharides that have ability to wards antimicrobial activity and development of film. Their cationic nature facilitates the interact with surface with negatively charge i.e. seed coats, soil particles and also favourable to complexation with negatively charged molecules (Nath, 2025, Kluczka, et.al.2023 &Picos-Corrales et.al., 2023).  
2.6 Galactomannans, Xanthan, Carrageenan
The main source of galactomannans are seeds of leguminous plants such as guar (Cyamopsis tetragonolobus), locust bean gum from carob tree seeds fenugreek gums from fenugreek (Trigonella foenumgraecum) and tara gum from tara plants seeds (Caesalpinia spinosa) which are obtained by the extraction process. While xanthan gum obtained through fermentation of Xanthomonas campestris bacteria and carrageenan is obtained by the extraction Rhodophyceae family in which Eucheuma and Kappaphycus is main source that belong to a class of red seaweeds besides of these Agardhiella, Solieria, Iridaea, Gigartina and Chondrus genus also involved in production of carrageenan. These have viscous, gelatinous and film formation character fragmented in soil adjustment, adhesives of seeds, and encapsulants (Dos Santos et.al., 2025& Salachna et.al., 2021).   
3. Extraction and Chemical/Physical Modifications
The fresh polysaccharide characteristically abstracted through aqueous, enzymes of light chemicals treatment and the polymers are recovered by biomass or microbial cultures. It can be easily modified which change their properties. Some general alterations are as-
· It can easily be crosslinked with other chemicals or ions formed hydrogels having flexible, swelling and mechanically strong character.
· To change the properties of solubility, hydrophobicity, mechanical concert by carboxymethylation, acetylation and grafting process.
· By the nano structuring produce composite materials of polysaccharides with nanoparticles like cellulose nanocrystals and nanofibers that boost the reinforcement composite and thin seats.
· The improvement of water retention, strength, or release kinetics by the blending of polysaccharides with some other biopolymers or inorganic grouts.
These alteration in polysaccharides facilitate the matrix’s structure that provide controlled released of nutrients, managing water and delivery of bioactive agents at prescribed points (Chen et.al., 2024).
4. Action mechanism in Agricultural Contexts
The polysaccharide involved various mechanistic routes for the agricultural purpose as-
· It formed physical barricade and defencing thin seat that it formed a protective layer around the seeds, and foliar thin provide safety by desiccation, pathogens and mechanical damage.
· There structural matrix provides encapsulate modulate that helped in diffusion and degradation motivate controlled nutrients and pesticides and it also protect leaching and volatilization.
· Polysaccharide modified the soil structure and enhanced the water retention capacity which also increase the collective stability. 
· Chitosan polysaccharide shows antimicrobial or inducer activities that minimise the defence responses of plants.
· Encapsulation behaviour of polysaccharides sustains feasibility of organic manure and biocontrol carrier’s trough storage and after used (Mamede et.al. 2023).    
5. Applicability of polysaccharides in Agriculture
5.1 Soil Conditioners and Water Retention 
Polysaccharides like alginate, starch, cellulose derivatives and synthetic natural mixture-based hydrogel have high water absorption and retention potential, it released water slowly, reduced stress towards drought and enhancing the survival of seedling, it retained the mobile ions in their structural matrix so that it reduced the leaching of nutrient soil conditioning of polysaccharide shown in figure6 (Zaryab et.al. 2023).      
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Figure 6: Soil conditioning 
5.2 Systematic Release Fertilizers 
[bookmark: _Hlk212668477]The fertilizers as urea, mixture of nitrogen, phosphorous and potassium (NPK) and micronutrients encapsulate into the matrix of polysaccharides that deliver time release manures given in figure 7. The releasing of manures time based on hydrophilicity, crosslinking density of polymer and atmospheric situations like temperature, pH, and microbial activity. Systematic release of fertilizers reduced the manures quantity, enhance nutrients used capability and minimise environmental infection (Thiago et.al., 2022 & Oluwatoyin et.al., 2025).   
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Figure7: Systematic release of fertilizer and nutrients
5.3 Seed Coatings and Pelleting
Seed coating means that seed is covering with thin layer formed by the materials that used for this purpose, whereas pelleting of seeds that makes thicker, extra considerable coating that changed size and shape of seeds given in figure 8. Coating of seed mainly protects and enhances dynamic constituents without significantly varying the type of seed, while pelleting changes asymmetrical seeds into symmetrical form and make it into smoother that facilitate in mechanized planting. Both methods are enhanced the handling of seed, germination and systematically released valuable goods as nutrients or pesticides.  
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Figure 8: Seed coating
[bookmark: _Hlk212668660]Covering of seed by CMC, alginate or starch which facilitate the sowing performance, saved towards pathogens and premised the nutrients insertion, promote plants growth mediators of biocontrol. Bead forms of alginate encapsulate to the rhizobia and mycorrhiza fungi which improved the existence throughout sowing and encourages primary synergy (Kocira et.al., 2021 & Xue et.al., 2021).  
[bookmark: _Hlk212148578]5.4 Delivery Systems for Pesticides and Biopesticides
 This system traditionally used as foliar sprays and treatment of soil while for systematic release, nano- encapsulation a recent technique is used. Generally foliar spray i.e. directly prepared liquid spray on the plants or for roots absorption using them directly to the soil, where as some other methods applying seed coating or accurate apparatus that used for targeting in specific areas.  Development of nanomaterials that produced “nano-biopesticides” that offered continual or responsible with stimulus that released active components. The polysaccharides’ structure modulates the release of pesticides, minimise large concentrations and untargeted contact. Nanoparticles of chitosan and beads of alginate have been applying to carrying botanical juices, bacillus spp., and fungi with entomopathogenic nature (Thiago et.al., 2022 & Oluwatoyin et.al., 2025).       
5.5 Biodegradable Protective Films and Packaging
Some common ecofriendly and easily degradable polymers that used in protection of plant and also used in packaging purpose as - 
Natural or polymers such types of polymers are obtained from biological sources as renewable biomass like polysaccharides and microorganisms some of polymers as-
5.5.1. Polylactic acid: It is a polyester that derived from biological mass it can be formed by using lactic acid. Generally lactic acid generates from sugars like corn, starch and sugar cane by fermentation process. The monomer lactic acid involved polymerization through ring opening and produced a polymeric material as polylactic acids having large molecular weight (Tertyshnaya et.al., 2023).
5.5.2. Polyhydroxyalkanoates: These polymeric materials also a polyester that can be derived from microorganisms it has storage capacity of carbon and energy. The precise structure of this polymer can be stabilized through the selection of microorganism and controlled conditions of fermentations (Amelia et.al. 2019).
5.5.3. Thermoplastic starch: Such types of polymers obtained by the processing of starch with plasticizers that convert into formable flexible films. It has low mechanical and water-resistant properties so that these properties can be enhanced by the blending with some other polymers (Luis et.al., 2024).
5.5.4. Polymers of cellulose: cellulose that obtained by plants is converted into tailored materials as carboxymethyl cellulose. For the conversion cellulose into films, it blending with some others biopolymeric substance. The films obtained by the blending of starch with cellulose nanofibers or proteins that improved the biodegradability behaviour of films. These films decreased the pollutants nature of plastics and it improved the temperature of soil and retention of water and finally it degrades into soil organic matter. These films helped into the seed coating and packaging of agricultural products which provide suitable condition for trading (Zichao et.al.,2023 & Devabaktuni et.al., 2011).
5.5.5. Post harvest Coating: The edible substance that coated by polysaccharides as pectin, alginate and chitosan improved their life trough restrictive respiration, loss of moisture, and microbial spoilage. This substance contained natural antioxidants, antimicrobials properties that reduced the artificial preservatives process (Kocira et.al., 2021 & Xue et.al., 2021). 

5.7. Bio-stimulants and Plant Défense Provoker
The oligosaccharides like oligochaetes and oligogalacturonides which obtained from the hydrolysis of polysaccharide that provoke and it also performed as biological stimulants that improved the plant growth and lenience to ward anxiety (Gamage et.al., 2022).  
6. Typical Case Studies and Action Metrics
· Alginate encapsulation rhizobia: It expands existence under dehydration and interrupt the release into the rhizosphere, boosting nodulation effectiveness in leguminous plants (Mamede et.al., 2024). 
· Urea granules coated with chitosan: it minimised the loss of nitrogen through evaporation and it provide nitrogen systematically to the plants as compared to uncoated urea (Ming et.al.2022 & Wang et.al.,1998).  
· Starch based protected films: It shows the no-long range performance as compared to polyethylene whine rapidly degrade in soil atmospheres (Picos-Corrales et.al., 2023). 
The concert metrics frequently comprise cumulative kinetics as release over time, water captivation and retaining potential, degree of seed germination, plant biomass yield and microbial viability for encapsulated inoculums.  
7. Conservational, Economic, and Monitoring Reflections
Materials which derived from polysaccharides shows minimum ecotoxicity and better degradation properties as compare to substances obtained from petroleum. Several polysaccharides are found from residues of agro industries, refining circularity. While the cost competitiveness based on obtainability of feedstocks, extent of mass production, and constancy routine as compare to obligatory technologies. Governing ways for original biopolymer agro-contributions vary by authority and necessitate demonstration of security for unrelated organisms and health of soil (Wilen et.al., 2010).
 8. Challenges and Knowledge Gaps
· The manufacturing of polysaccharides commercially that faced difficulty toward the maintaining their quality greater modification as nanocellulose and grafted polymers.  
· The soil has heterogenous in nature that contains a variety of microbes and variable climates which favoured the rate of degradation, so that it difficult to controlled the degradation of polysaccharides.  
· The regular degradation of polysaccharide materials occurs in soil environment so it faced that standardization in field testing frameworks and system of measurement compare varied materials accurately.    
· To require the long-term studies about the evaluation of effects on structure of microbiome, nutrient cycle and development of humus.  
· To require the modification in the polysaccharides that enhanced the stability, specially encapsulated microbes biopesticides, sustaining feasibility throughout storage is serious. 
9. Future Directions and Research Opportunities
· It can be introducing progressive functional groups in to the polysaccharides structure which converts into smart materials that respond to stimulus as pH, moisture and roots exudations to initiation release.  
· Polysaccharides can be converted into the hybrid materials by combination with inorganic nanofillers as clay nanoparticles and biochar, it introduced multifunctional character towards adsorption of nutrients, increased mechanical strength and steady release of water and nutrients.   
· By the advancement of modular abstraction channels which converts straw, husks and shells agricultural residues into valuable efficient polysaccharides. 
10. Conclusion
The polysaccharides that derived from biological sources as in form of biopolymers which stablished the in sustainable used in agricultural fields. These contains a variables functional character as easy degradability with atmospheric conditions, biocompatibility, water holding capability, ability to formation of films and conditioning of soil that it emphasized as ecofriendly uses in recent farming. The biopolymeric materials likes cellulose, chitosan, starch, alginate and gaur gum which are polysaccharides-based substances. These substances have been potentially applied in sustainable fertilizer release, soil alteration, covering of seeds and development of plant growth. It also plays a key role in soil health refining, facilitating the use potential of nutrients and make them favourable to atmosphere which emphasized the importance in attaining green and bearable farming. 
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