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ABSTRACT 

	In contemporary horticulture, growing media is crucial. Soil-less media provides superior aeration, water retention, structural and chemical support and nutrient availability for plant growth as compared to conventional soils. A perfect growing medium should be lightweight, well-drained, porous, and able to retain the right amount of moisture and nutrients. Potting media, which includes cocopeat, eggshell powder, vermicompost, charcoal, rice husk ash, neem cake, and microorganisms like Trichoderma, is made from a variety of inorganic and organic elements. By boosting porosity, pH buffering, water-holding capacity, nutrient availability and microbial activity, growing media enhances their physical and chemical characteristics. A well-designed growing mixture can greatly increase nutrient uptake and plant growth yield as compared to soil-based media, according to case studies of a variety of horticultural plants. Therefore, selecting an appropriate component and preserving the right physical and chemical characteristics are necessary to provide effective and appropriate growing media for the development of horticulture crops. 
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1. INTRODUCTION 

Often called a potting mix, a growing medium is a soilless substrate used to grow plants in containers. It provides the water, air and nutrients needed for healthy development while acting as the physical framework for plant growth. Massey et al. (2011) state that a growth medium should help plants grow by allowing them to absorb the water and nutrients it contains. Thus, choosing an appropriate growing medium is crucial for effective gardening, container-based cultivation systems and nursery output. To promote healthy root development, a growth medium should have sufficient water-holding capacity, good aeration, and appropriate drainage (Hewavitharana et al., 2019). 
Additionally, soilless growing mixtures are frequently regarded as nutrient and water reservoirs that support plant growth and increase cultivation efficiency (Saurabh A et al., 2019). Additionally, these blends are thought to be reusable and eco-friendly.
In order to give the best possible water retention, aeration, and structural stability, growing medium often comprise a blend of organic and inorganic components. Potting mixtures are essential to the establishment and development of many horticultural plants cultivated in home environments. For effective cultivation, modern plant production systems including nurseries, greenhouses, and terrace gardens are depending more and more on soilless growing media. These media are especially helpful in regions with poor soil characteristics, such as extremely alkaline, saline, acidic, or contaminated soils. Soilless media also lessen the prevalence of weed infestations and soil-borne illnesses.
Because of soil adhesion and compaction, handling and transplanting seedlings from ordinary soil frequently causes harm to the root system. On the other hand, it is easier to transfer seedlings grown in soilless media with less root damage. Because topsoil is typically thick and dense, it frequently has poor drainage, aeration, and water retention. Growing medium, on the other hand, are often lightweight and porous, enabling better water-holding and aeration. Field soil often becomes compacted over time as a result of environmental variables and mechanical use, which results in poor root growth and a decreased nutritional balance. On the other hand, growth medium preserves structural stability for extended periods of time while enabling the controlled addition and management of vital nutrients.
Additionally, using regular garden soil in containers can cause a number of issues with plant growth. Fungal spores, weed seeds, and insect larvae and pupae can all harm plant growth in garden soil. Soilless growing media, on the other hand, are typically cleaner and devoid of several dangerous organisms, which lowers the likelihood of weed development, disease, and pest infestation. Growing media can also be made to be safer for plant production by eliminating hazardous chemicals and herbicide residues.
Growing media with desired chemical, biological, and physical characteristics are created by combining different ingredients. Depending on the intended function and material availability, growth mediums have different compositions. Peat moss, cocopeat, zeolite, vermicompost, charcoal, rockwool, perlite, sawdust, microbial inoculants, rice husk ash, bark products, Styrofoam, vermiculite, coarse sand, and water retention crystals are typical materials. Earthworms break down organic debris to produce vermicompost, an organic amendment that is known to increase soil biological activity and nutrient availability (Yilmaz et al., 2017). Another significant ingredient that helps control pH and is high in nutrients like silica and potassium is rice husk ash (RHA) (Mot et al., 2021).
In order to improve plant growth and reduce disease, beneficial bacteria are frequently added to growing media. For instance, microbial consortia that include helpful fungi like Trichoderma spp. and phosphate-solubilizing bacteria like Bacillus and Pseudomonas are crucial for nutrient mobilization and plant health. Because they suppress pathogenic organisms, lower pre-emergence and post-emergence seedling mortality, and encourage plant growth, Trichoderma species are frequently employed as biological control agents (Hewavitharana et al., 2019).
Due to its comparable physical characteristics and advantages for the environment, biochar, a carbon-rich substance made by pyrolyzing organic leftovers, has also drawn interest as a peat moss substitute (Vaughn, S. F., et al., 2013). In order to increase aeration, promote drainage, and stabilize the mixture's physical structure, bark chips are frequently added to growing media. Another helpful ingredient is sawdust, which has advantageous physical characteristics like tolerance to microbial activity, high porosity, moderate drainage, high water-holding capacity, and biodegradability (Agboola, O. A. et al., 2018). 
Vermiculite is a commonly used substance that improves moisture retention and nutritional availability since it is made of silicate minerals, aluminum, iron, and magnesium with a neutral pH and trace levels of potassium and magnesium (Thomas D et al., 1996). Similar to this, perlite is a lightweight volcanic substance whose stiff structure prevents compaction and improves aeration while maintaining good porosity (Thomas D et al., 1996).
The use of inexpensive, locally accessible materials as substitutes for traditional potting combinations is the main topic of this review. Eggshell powder, neem cake, biochar made from leftover fruit peels, vermicompost, cocopeat, Trichoderma, and rice husk ash are among the specific ingredients taken into consideration. These materials could be used as affordable and sustainable components to make effective potting media.
IMPORTANCE OF GROWING MEDIA
Growing media are essential to contemporary horticulture and agriculture because they create an environment that is conducive to plant growth. By guaranteeing plant stability and supporting vital processes including water retention, fertilizer supply, and sufficient aeration for root development, they play a crucial role in horticultural production systems. Growing media offer a more regulated and ideal environment for plant growth than traditional soils. Greenhouse production systems, soilless farming, and nursery management all make extensive use of these media. They supply water and nutrients that can be added and adjusted in accordance with plant needs, in addition to offering physical support. Therefore, choosing the right growing medium is essential to guaranteeing healthy plants, good seed germination, and overall crop output.
Additionally, growing media are especially helpful in areas with bad soil conditions, including extremely acidic environments, where plant growth is normally challenging. They facilitate cutting-edge cultivation techniques, such as hydroponic systems, which use substrates like perlite, peat moss, coir, or sawdust to grow plants in nutrient solutions frequently with little to no soil (Saurabh A et al., 2019). Generally speaking, a good growing medium is made up of more than two elements, mixing substances with complementary chemical and physical properties to produce the best possible conditions for plant growth.
When field soil is used alone in containers or grow bags, it frequently creates circumstances that are very different from those found in natural fields and may not be conducive to good root development and plant growth in nursery settings. In order to get around growth restrictions, soil-based media can be substituted with organic-based substrates or utilized in reduced amounts in conjunction with other materials including cocopeat, coir, and compost. When using growing media, ecological sustainability is another crucial factor. Since it takes hundreds of years for topsoil to grow, harvesting it for nursery production might be viewed as a type of resource mining.
For example, millions of square meters of soil are dug up every year in Mexico to produce nursery plants. Growing media utilized in tropical nurseries are increasingly dependent on organic materials like compost, bark, and rice husk due to the constraints associated with field soils. Poor seedling growth and insufficient root formation following transplanting have been documented in surveys carried out in tropical and subtropical regions of Africa, Asia, and Latin America; these findings are frequently linked to the use of soil-based nursery media (Miller and Jones et al., 1995).
Plant growth is greatly aided by the physical characteristics of growing media. Up until the final harvest stage, plants with good physical traits are more stable, avoid lodging, and grow upright. The main purpose of growing media is to anchor plant roots and offer a medium that facilitates easy root penetration and spread. Because they enhance root aeration and water retention, lightweight and porous substrates are frequently chosen over soil. Additionally, by maintaining root-media contact, the use of growth media lessens transplant shock and enables plants to swiftly and stress-free establish themselves in new surroundings. 
Additionally, adequate physical support guards against root damage brought on by compacted soil, such as bending, breaking, or suffocating. The capacity of growth media to preserve structural stability without compaction is a desirable feature. For this reason, materials like cocopeat, perlite, vermiculite, and compost are frequently utilized to provide a loose and porous media. To achieve the necessary physical qualities in growing media, the right raw materials and particle size fractions must be chosen (Durand, S. et al., 2024).
Since plant roots need oxygen for respiration and metabolic processes, adequate aeration is another essential component of growth media. Energy generation, which promotes root growth and the absorption of water and mineral nutrients, depends on oxygen. In order to avoid harmful buildup, carbon dioxide, a byproduct of respiration, must diffuse out of the root zone. This gas exchange takes place in the growth medium's macropores or air gaps. Therefore, adequate aeration requires high porosity. Compaction frequently limits aeration in natural soils, which can result in inadequate respiration and root rot. 
Growing media with ingredients like cocopeat, bark chips, vermicompost, and perlite, on the other hand, stay loose and porous, which enhances aeration and permits better root penetration. For plants cultivated in greenhouses, where growth conditions greatly depend on the properties of the growing medium, proper aeration is especially crucial. To improve aeration qualities, bigger particle-size materials are frequently added to growing media (Caron, J. et al., 1999).
Plant growth also depends on the availability of moisture and effective water management. In addition to keeping plants turgid, water acts as a conduit for the movement of vital nutrients needed for plant growth. However, because inadequate drainage can lead to illnesses like root rot, good drainage is equally crucial. A good water-holding capacity that allows extra water to drain while storing moisture in the micropores between particles is appropriate for a growth medium. Water infiltration is frequently limited in compact soils, which can result in low moisture availability and plant stress.
On the other hand, water drains too rapidly in sandy soils, making it harder for plants to receive enough moisture. While elements like perlite and sand help drainage, growing media made of minerals like cocopeat and vermiculite increase moisture retention. These harmonious qualities keep the ideal moisture conditions for plant growth and avoid waterlogging. Internal pockets in materials like compost and coir pith can hold water like a sponge, giving plants a constant source of moisture. Higher seedling emergence and survival rates are frequently the consequence of growth conditions with adequate moisture and nutrient availability (Butola and Badola, 2006).
Another significant factor affecting plant growth and development is the availability of nutrients. Natural soils may not always provide the various kinds and quantities of nutrients that plants need. The nutrient content of soil varies by location, and certain soils might not have enough nutrients to sustain good plant growth. Growing media provide the benefit of controlled nutrient management in these circumstances, enabling the addition of particular nutrients in accordance with crop requirements. Components that provide essential nutrients like potassium, phosphorus, and nitrogen (NPK) include compost and well-decomposed manure. 
Additionally, by reducing nutrient leaching and guaranteeing that vital components are available to plants in easily absorbed forms, these compounds enhance nutrient retention within the root zone. Plant species, temperature, salt levels, and growth medium composition are some of the variables that might affect nutrient uptake and accumulation in plant tissues (Fritioff et al., 2004; Weis et al., 2004).
                     According to Verhagen (2007), pH buffering and cation and anion buffering in terms of cation exchange capacity (CEC) and anion exchange capacity (AEC) are essential for the chemical stability of growth media. The availability of nutrients to plants in soil is mostly dependent on pH, which varies depending on the location. Plants do not flourish in regions with excessive acidity and alkalinity. pH reclamation is a challenging task. In situations when the soil is acidic or alkaline, growth media can be utilized. Materials like peatmoss, compost, cocopeat, and pine bark can change the pH of growing soil. The relative acidity or alkalinity of growth media is indicated by its pH. 
The majority of natural plants grow between 5.5 and 6.5. Low pH (acidity) aluminum can cause manganese toxicity in plants and reduce the availability of calcium and magnesium. Iron, zinc, and phosphorus become unavailable to plants cultivated in high pH (alkaline) environments, and nutritional deficiencies may also arise. The availability of microorganisms is also determined by pH. The regulation of available nutrients is the primary impact of pH on plant growth. Extreme pH values result in a drop in phosphorus levels. At low pH levels, phosphorus binds to iron and aluminum; at high pH levels, it binds to calcium. The pH level also affects the availability of micronutrients.
COMPONENTS OF THE GROWING MEDIA 
Cocopeat (Coir pith)
The mesocarp layer of coconut fruits yields cocopeat, sometimes referred to as coir pith, a naturally occurring by-product. The fibrous tissues that encircle the coconut shell make up the mesocarp. The main source of cocopeat is fully matured coconut husks, which have lower levels of water and soluble salts and higher levels of cellulose and lignin than younger nuts (Bawono et al., 2025). The harvested nuts are divided into kernel and husk during the coconut processing process. The husk is shipped to coir mills where coir fibers are removed, while the kernel is used either directly or after being processed into food goods and oil. The primary by-product of the coir processing business is coir pith, which is the material left over after fiber extraction.
The choice of an appropriate growing medium frequently depends on the grower's financial capability and production needs, as a wide range of growing media have recently been commercially available (Savvas et al., 2013). Because cocopeat is readily available and reasonably priced, it is frequently utilized as a growth medium in tropical areas. Coir pith is ideal for horticultural applications due to its low bulk density (around 0.8 g cm⁻³), high potassium content, and exceptional moisture holding capacity. Processed coir pith is widely marketed and used as a potting media in horticulture under the name cocopeat because it shares physical features with sphagnum peat moss.
Cocopeat is widely utilized in greenhouse production, soil conditioning, hydroponic cultivation systems, tissue-cultured and embryo-cultured plant hardening, and plant propagation. However, when applied directly to crops, fresh coir pith often has a very high carbon to nitrogen (C:N) ratio of about 112:1, which could immobilize plant nutrients (Murugesan et al., 2020). Plants may show signs like toxic yellowing and nutrient shortage in certain situations. 
Accordingly, coir pith that has a C:N ratio of 24:1 or less is thought to be a better source of organic matter for use in agriculture (Murugesan et al., 2020). Significant levels of cellulose (around 26.8%) and lignin (30–31%) are also present in coir pith, which helps explain its slow breakdown and structural durability. Lignin contributes to effective water transport in plant tissues and plays a significant function in controlling water absorption within plant cell structures. Additionally, it offers defense against pest and insect attacks. Furthermore, cocopeat is comparatively resistant to detrimental microbial and fungal development and contains about 8–12% soluble tannin phenolics. 
Because of these qualities, cocopeat can be utilized in a variety of container systems, including vertical gardening structures, and is thought to be the perfect medium for seed germination. Cocopeat is a useful bedding material for earthworm cultivation in vermiculture systems in addition to its usage in plant cultivation (Patil et al., 2017).
Cocopeat's superior ability to retain moisture is one of its main advantages over traditional soil. Compared to soil, which frequently gets dense and compacted over time, it has a remarkable capacity to hold water. Cocopeat's porous nature and light weight enable effective water absorption and retention while preserving sufficient aeration. Furthermore, cocopeat helps the growing medium retain vital nutrients including potassium, phosphorus, and nitrogen. Maintaining a pH-balanced environment for plant growth is another advantageous feature of cocopeat. Cocopeat's pH naturally ranges from 5.2 to 6.8, making it ideal for growing a variety of horticultural crops. 
Cocopeat is an environmentally friendly substitute for conventional soil-based potting combinations since it is a renewable and biodegradable resource. Cocopeat is widely used in plant propagation and various agricultural and horticultural production systems because of its availability, ease of handling, and compatibility with other substrates. It can be readily combined with materials like vermiculite, perlite, and compost (Alzrog et al., 2013; Ayesha et al., 2011; Gohil et al., 2018).
Vermicompost
One of the most popular biological processes is vermicomposting, which uses earthworms to transform organic waste into a stable, humus-like product. Earthworms use this process to convert organic waste into vermicast, a nutrient-rich substance. Vermicast is also known as worm humus, worm casting, worm manure, or worm excrement. Due to its efficacy and rising demand in sustainable agriculture, the utilization of agricultural wastes composted by earthworm activity has drawn more attention (Edwards, 1983; Handreck, 1986).
Earthworms and other microbes collaborate to break down organic waste during the vermicomposting process. Organic matter is transformed into a stable product enhanced with humic compounds during this procedure. Humic acids, which are found in large quantities in vermicompost, are known to improve soil fertility by binding minerals and nutrients into forms that are more accessible to plants. By encouraging the production of phenolic compounds like anthocyanins and flavonoids, which improve plant quality and aid in resistance to pests and diseases, these humic chemicals also support plant health. Furthermore, microbial activity and metabolic reactions involving microorganisms like bacteria (Bacillus), yeasts (Sporobolomyces, Cryptococcus), and fungi (Trichoderma) are facilitated by humic compounds.
Based on their feeding patterns, earthworms engaged in vermicomposting can be roughly divided into two groups: detritivores and geophages. Detritivores consume organic waste that is on or close to the soil's surface, such as plant litter, decaying roots, and animal excrement. Perionyx excavatus, Eisenia fetida, Lampito mauritii, Polypheretima elongata, Octochaetona serrata, and Octochaetona curensis are common detritivorous species used in vermicomposting. Geophagous earthworms, on the other hand, eat a lot of biologically enriched soil and mostly feed below the soil's surface. Among these are endogeic species like Octochaetona thurstoni and Metaphire posthuma. 
Eisenia fetida, sometimes referred to as the tiger or branding worm, Lumbricus rubellus, Eudrilus eugeniae, and Perionyx excavatus are among the species that are frequently employed for vermicomposting because of their great effectiveness in breaking down organic materials. These species are easily identified by the distinctive yellowish stripes between their body segments, and they naturally live in habitats rich in organic materials.
Numerous nations have undertaken substantial research on vermicomposting and its agricultural uses. Vermicompost greatly enhances plant growth and development when added to soil or potting mixtures, according to a number of studies (Atiyeh et al., 2000). Additionally, vermicompost has been shown to lower the prevalence of a number of illnesses and pests. Its use, for instance, has been demonstrated to reduce infestations of mealybugs (Pseudococcus spp.), aphids (Myzus persicae), and cabbage white caterpillars (Pieris brassicae) in crops including tomatoes and cabbage. Vermicompost has also been shown to lessen the incidence of plant diseases (Szczech et al., 1999; Szczech and Smolinska et al., 2001).
Along with significant macro- and micronutrients like nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), sulfur (S), iron (Fe), manganese (Mn), zinc (Zn), copper (Cu), and boron (B), vermicompost also contains essential elements needed for plant growth, such as carbon, hydrogen, and oxygen. Additionally, vermicompost has been found to include hormone-like compounds and plant growth regulators, which may enhance plant growth and development (Krishnamoorthy R. V. and Vajranabhiah S. N. et al., 1986).
Genetically engineered organisms, chemical pesticides, and synthetic fertilizers are not used in organic farming techniques. Rather, organic fertilizers made from biological byproducts like sewage sludge, crop wastes, and animal dung are frequently used. The conversion of organic waste materials into usable organic manures that may be utilized as components of growth media is mostly dependent on composting processes. By boosting microbial activity and enzymatic activities within the growing substrate, vermicompost and other microbiologically active organic amendments have been demonstrated to improve plant development when added to plant growing media (Arancon et al., 2006).
Neemcake
Neem cake is an organic manure made from plants that is highly prized for its high nitrogen content and numerous advantages for crop output and soil fertility. After the oil is extracted from neem seeds, it is acquired as a leftover by-product. Because neem cake enhances soil health while also aiding in plant nutrition and insect control, it is frequently used as a natural fertilizer and soil amendment. To improve soil organic matter and general soil quality, it can also be mixed with compost or other organic manures. In addition to secondary and micronutrients including magnesium (Mg), sulfur (S), iron (Fe), zinc (Zn), copper (Cu), manganese (Mn), and calcium (Ca), neem cake also contains a number of critical plant nutrients in balanced amounts, such as nitrogen (N), phosphorus (P), and potassium (K). Neem cake's slow-release property, which guarantees a steady and gradual release of nutrients over time, is one of its key features. This characteristic improves fertilizer availability to plants for longer periods of time and lowers nutrient losses.
Neem cake not only enhances the nutritional value of soil but also improves its structure and water-holding ability. Neem cake is acceptable to use as an organic fertilizer in a variety of cropping systems because it is environmentally benign and biodegradable. Because it is typically free of dangerous heavy metals, it is also regarded as safe for crops. Neem cake serves as an efficient soil conditioner in addition to being a source of nutrients because of these qualities.
Neem cake's ability to control pests and diseases is another important benefit. Nematode infestations and soil-borne diseases are major threats to many vegetable crops. According to reports, neem cake reduces crop plant damage by inhibiting the activities of these dangerous organisms. Additionally, neem-based treatments affect insect growth, reproduction, and feeding behavior, which helps to lower pest populations in agricultural settings (Schmutterer et al., 1990).
Neem cake's combined functions as an organic fertilizer, soil conditioner, and pest suppressor have made it a crucial part of organic farming systems and sustainable agriculture. Its addition to field soils or growing media can increase nutrient uptake, which can improve crop quality, fruit set, plant growth, and shelf life.
Rice husk ash
One of the most readily available agricultural byproducts in nations that grow rice is rice husk. China is one of the top producers of rice, which is grown in over 75 nations globally. The hard, protective outer layer of rice grains that is removed during milling is called rice husk. When processing paddy, it is frequently utilized as a fuel in boilers to produce energy through gasification or direct burning. For every 1000 kg of paddy processed during rice milling, about 200 kg of husk are produced, making up about 20% of the total weight.
Rice husk ash (RHA), a thin, powdery substance, is created when rice husk is burned. Depending on the conditions of combustion, the ash's hue might vary from light gray to nearly white. The particle size of rice husk ash is extremely small, usually between 5 and 10 µm (Rodríguez de Sensale, G. et al., 2010). Because rice husk ash is produced through an unregulated burning process, it often has a lower carbon content than rice husk biochar (Masulili, A. et al., 2010). Roughly 10% of the rice husk produced is thought to be used for energy production, especially in the rice milling sector (Shackley et al., 2012).
Rice husk ash contains several essential nutrients needed for plant growth, such as potassium (K), phosphorus (P), magnesium (Mg), and calcium (Ca). Raw rice husk usually contains about 50% cellulose and 25–30% lignin (Ismail, M. S., and Waliuddin, A. M. et al., 1996). However, after combustion, a large portion of the organic material is converted into ash.
The high silica (SiO₂) content of rice husk ash, which typically varies from 76.4% to 97%, is a notable feature. When added to growing media, rice husk ash improves drainage, aeration, and water retention because of its fine texture and porous structure. It not only provides nutrients but also aids in the absorption of offensive smells and keeps the root environment clean and hygienic for plant growth (Moraes, C. A. M. et al., 2014). Rice husk ash is becoming more and more valued as a component of potting mixtures and soilless growing media for horticultural crop development due to these advantageous qualities.
Biochar
Biochar is a carbon-rich substance that resembles charcoal and is created when biomass is thermally broken down without oxygen. It is made from a variety of organic residues, including wood, biological materials, agricultural wastes, and paper mill dregs. Petroleum-based components are absent from biochar, in contrast to carbon compounds generated from fossil fuels. Because of its potential to improve soil quality and mitigate climate change through carbon sequestration, biochar has attracted a lot of attention in recent years.
Pyrolysis, a thermochemical process that produces biochar, involves heating carbon-containing material under low oxygen conditions to temperatures typically between 350 and 700 °C. The biomass does not completely burn because there is very little oxygen present; instead, it breaks down into a stable solid that is rich in carbon. With a total porosity of about 90–95%, this technique produces a very porous structure that is similar to peat-based substrates.
Because of its large surface area and porous nature, biochar can influence the microbiological composition of growth medium. It can boost beneficial microbial populations and help shield plants from disease by either directly suppressing pathogens or creating plant resistance mechanisms. Because of this, biochar is becoming more and more recognized as a beneficial addition to horticultural growing media and soil management systems.
Because of their similar physical characteristics, biochar can partially replace peat moss in potting mixtures used in horticultural production. According to studies, adding up to 15% of biochar to potting substrates won't have a detrimental effect on plant growth. For instance, biochar made from hardwood pellets and other biomass substrates has shown performance on par with potting mixes made of peat (Vaughn, S. F. et al., 2013). Additionally, adding biochar to growing media can preserve porosity, lower bulk density, and increase water-holding capacity (Zhang et al., 2014).
Applying biochar has been linked to benefits in crop development, yield, and general soil health in addition to its use in horticulture substrates. By lowering environmental pollutants and nutrient leaching, it also promotes environmental sustainability (Lehmann and Joseph, 2019). The ability of biochar to sequester atmospheric carbon dioxide (CO₂) in stable forms inside soils over an extended period of time is one of its most important environmental advantages. By lowering the amount of greenhouse gases in the atmosphere, this procedure helps slow down global warming (Sharma et al., 2021).
The physical and chemical properties of biochar, which differ depending on the feedstock material and pyrolysis conditions employed during synthesis, play a major role in how well it improves the qualities of soil and growing media (Novak et al., 2012). Because of its high porosity and huge specific surface area, biochar greatly increases the soil's ability to hold water, according to several studies (Case et al., 2012; Kammann et al., 2011). These characteristics encourage better plant growth and development by allowing biochar-amended soils to retain moisture more successfully while preserving sufficient aeration (Verheijen et al., 2010).
Egg Shell
An estimated 250,000 tonnes of eggshell waste are produced annually worldwide. Eggshells can be used as a natural and organic fertilizer in plant production systems, however disposing of this waste has become a problem for the environment. Because eggshell powder provides calcium and other vital elements needed for plant growth, it is frequently used as a soil amendment. Eggshells' high calcium content is essential for fortifying plant stems, encouraging root growth, and boosting the development of root hairs (Kannan et al., 2024).
Eggshells are a good material for plant development substrates and growing media since they are affordable, easily accessible, and eco-friendly. Eggshell powder not only supplies nutrients but also stabilizes the soil and enhances the general physical state of the growing medium. Eggshells contain 94–97% calcium carbonate (CaCO₃) and trace amounts of lipids and carbohydrates, according to several studies (Mittal et al., 2016). Eggshell powder can serve as a useful calcium source for plants because of its high calcium carbonate content. 
Additionally, it has been found that applying eggshell powder increases the net mineralization of organic nitrogen and improves biological nitrogen fixation in acidic soils.
When added to soil or potting mixtures, eggshell powder progressively provides plants with calcium as a slow-release natural amendment. For horticultural crops that need sufficient calcium levels for healthy growth and development, this characteristic is very advantageous. Sufficient calcium intake aids in the prevention of illnesses and physiological problems linked to calcium shortage.
Additionally, eggshell powder can be used as a natural liming agent to improve the pH balance of potting mixtures and counteract the acidity of the soil. It improves plant uptake and availability of nutrients by reducing soil acidity. Additionally, adding eggshell powder improves the growing medium's structure and aeration, which promotes greater root development and respiration. Therefore, eggshell-derived calcium can assist control pH levels in extremely acidic soils, improving plant growth conditions in soils with little natural calcium sources (Commey and Mensah, 2019).
Trichoderma
It is commonly known that Trichoderma spp. are efficient biological control agents that suppress plant diseases and encourage plant development. By improving plant growth responses and lowering the prevalence of plant diseases, these fungi are crucial to sustainable agriculture. Trichoderma's capacity to inhibit harmful bacteria and shield plants from a variety of diseases is one of its main advantages. According to research, Trichoderma can dramatically lower seedling mortality before and after emergence in a number of crops (Hewavitharana and Kannangara, 2019).
In addition to being useful against several foliar and panicle diseases in various plant species, Trichoderma species are frequently employed to treat soil-borne illnesses. They are regarded as one of the most effective biological methods for managing plant diseases, especially when it comes to managing soil-persistent infections. These fungi are free-living, naturally occurring microorganisms that are frequently found in soil and the rhizosphere, or root ecology. Trichoderma reduces disease growth in the rhizosphere by suppressing pathogen populations mainly through competing interactions for nutrients and space.
Numerous studies have shown that compost or growing media supplemented with Trichoderma can successfully lower illnesses affecting stems and roots brought on by different soil-borne fungal infections, as well as pre-emergence and post-emergence seedling mortality (Bhuiyan and Rubayet, 2023). The majority of Trichoderma species grow quickly, produce a lot of spores, and have potent antagonistic activity against invasive microbes. They are useful elements in the creation of secure and effective biological control methods since they can also produce a variety of antibiotic chemicals.
By improving nutrient usage efficiency and boosting plant defense systems, Trichoderma species contribute to increased plant growth and productivity beyond disease suppression. Additionally, these fungi can help lessen the detrimental impacts of pesticide residues in soil and boost plant resistance to environmental stress (Tilocca et al., 2020; Fontana et al., 2021). Many Trichoderma species produce a range of bioactive chemicals with potent antagonistic activity against plant diseases, according to numerous research (Druzhinina et al., 2018). Cell wall-degrading enzymes and a number of secondary metabolites that prevent the growth and development of dangerous pathogens are among these bioactive chemicals (Kubicek et al., 2019).
Because of these advantageous qualities, Trichoderma species are frequently added to composts, growing media, and soil amendments to improve plant health, increase disease resistance, and support sustainable crop production systems in addition to suppressing illness.
Bark chips
Bark, which is produced as a residue during the processing of both softwood and hardwood tree species, is a typical by-product of the sawmill industry. Bark's advantageous physical characteristics have made it a crucial part of many horticultural growth media. Because they enhance aeration and drainage within the growing medium, bark chips are frequently utilized in potting combinations and soilless surfaces. They are especially well suited for nursery production systems because of their comparatively moderate rate of disintegration, which enables them to retain structural stability for extended periods of time.
Pine bark is one of the most widely utilized substrates in horticultural nurseries out of all the many kinds of bark materials. Because pine bark usually has a low pH, it is particularly good for growing plants that prefer acid. Bark's function in the growth media is also significantly influenced by its particle size. Because fine bark particles are better at holding onto moisture than bigger ones, they are frequently used in potting mixes.
When added to the substrate, bark materials not only enhance the physical structure of growing medium but also help store carbon in the soil. However, bark may momentarily trap nitrogen in the growing medium during the decomposition process, which, if improperly managed, can occasionally result in nutrient deficits. To guarantee balanced nutrient availability, it is important to carefully consider the amount of bark used in potting mixtures. For usage in nursery substrates, properly aged or composted bark is typically preferable since it offers better stability and less nutrient immobilization. Because of these factors, aged bark is regarded as a crucial part of soilless growing media in nursery production systems (Pokorny et al., 1979; Buamscha et al., 2007).
	Components
	Uses
	Reference 

	Rice husk ash 
	Improves aeration, supplies silica and potassium and cheaper substitute for perlite.
	Flores et al., 2021

	Vermicompost
	Provides nutrients and cheaper substitute for vermiculite. 
	Atiyeh et al., 2007

	Biochar
	Enhances nutrient retention and soil structure.
	Zhang et al., 2014

	Cocopeat
	Improves water retention and aeration.
	Murugesan et al., 2020

	Trichoderma
	Controls soil pathogen and promote plant growth.
	Bhuiyan and Rubayet, 2023

	Neem cake
	Supplies nutrients and control soil pest.
	Schmutterer et al.,1990


	Bark chips
	Improves drainage and adds organic matter
	Pokorny et al.,1979


Table 1: Uses of different components of potting mixture
Physical and chemical properties of the growing media
Plant growth, development, and yield are significantly influenced by the physical, chemical, and biological characteristics of potting media. Numerous studies have shown that root development, nutrient availability, and overall plant performance are all greatly impacted by the content and quality of the growing medium. Among them, bulk density, porosity, texture, and water-holding capacity are the most significant physical characteristics of potting media. 
One crucial factor influencing root penetration and aeration in the growth media is bulk density. 
Over time, compaction within containers caused by higher bulk density may limit root growth and decrease aeration. For potting material, an optimal bulk density between around 0.5 and 0.75 g mL⁻¹ is therefore typically advised. Appropriate bulk density levels can be maintained by including materials like rice husk ash and coir pith. In order to create a balanced substrate structure, coir pith tends to enhance bulk density whereas rice husk ash decreases it (Hewavitharana and Kannangara, 2019).
Another important physical property that controls the flow of water and air across the medium is porosity. It is best to keep the overall pore space in potting media between 5 and 30 percent. Excessively high porosity might result in insufficient water retention, while low porosity can cause poor aeration and an oxygen shortage in the root zone. To increase porosity without appreciably lowering water-holding capacity, materials like bark chips and biochar are frequently added to potting mixtures. Plant development also requires an adequate water-holding capacity, which is typically advised to be between 20 and 60% when combined with appropriate drainage. Cocopeat is frequently added in larger amounts to improve the growing medium's ability to retain water. Sterility and durability are two other physical characteristics that need to be considered. Since many plant illnesses are soil-borne, a good potting medium should be free of dangerous pathogens and retain its structure for long periods of time without rapidly decomposing (Thakulla et al., 2021).
Plant development and nutrient availability depend equally on the chemical characteristics of the potting medium. According to Omokhua et al. (2021), a perfect potting medium should have sufficient levels of the macro and micronutrients needed for plant growth. Because they have a direct impact on plant uptake and nutrient availability, pH and electrical conductivity (EC) are two of the most important chemical factors. For the majority of crops, a slightly acidic to neutral pH is generally advised, with pH 6 being the ideal number. The growing medium mentioned has a pH of about 6.8, which is within the range that most horticultural plants can tolerate. The concentration of soluble salts in the medium is indicated by electrical conductivity. 
For plant growth, an ideal EC range of roughly 0.63 to 1.56 dS m⁻¹ is thought to be appropriate (Peter-Onoh et al., 2015). Excessively low EC may be a sign of inadequate nutrient availability, even though low EC levels typically promote plant growth. Because rice husk ash contains soluble minerals, it may occasionally result in a modest increase in EC values. In this case, the growing medium's reported EC value is 1.28 dS m⁻¹, which is within the suggested range.
The kind and amount of organic materials present have a significant impact on the nutritional composition of potting media. For plants to grow and develop, essential macronutrients including potassium (K), phosphorus (P), and nitrogen (N) are necessary. The cation exchange capacity (CEC), which measures the growth medium's capability to hold and exchange nutritional ions, is another crucial chemical characteristic. High CEC levels provide long-term fertilizer availability to plants and help stop nutrient loss through leaching. For potting substrates, the optimal CEC range is typically between 10 and 100 meq per 100 g of media.
Another significant element affecting nutrient dynamics in organic growth media is the carbon-to-nitrogen (C:N) ratio. This ratio, which is important for breakdown, nitrogen mineralization, and microbial activity in the substrate, shows the equilibrium between carbon and nitrogen in organic materials. Efficient microbial processes and sufficient nutrient availability for plants are guaranteed by a suitable C:N ratio. According to Clark and Cavigelli et al. (2005), the suggested C:N ratio for potting soil usually falls between 15:1 and 25:1. By adsorbing ions and decreasing nutrient leaching, organic compounds like compost, humus, and biochar greatly aid in nutrient retention and increase the availability of vital nutrients for plants.
Suitability & efficacy of the potting media on various plants 
For the best growth and development, the majority of horticultural crops need growing media other than field soil. Plant growth, yield, and disease resistance are all greatly impacted by the choice of potting medium. Numerous studies have assessed how well various organic and soilless substrates perform in enhancing plant health and crop yield.
Hewavitharana and Kannangara (2019) found that Trichoderma-amended substrates significantly improved the development of Abelmoschus esculentus and Amaranthus viridis in various potting media. When compared to the control treatment, potting media treated with Trichoderma showed the maximum plant height, number of flowers per plant, and fresh weight in A. esculentus. Additionally, the prevalence of illnesses was decreased in plants cultivated in media treated with Trichoderma. Similarly, treatments containing Trichoderma increased fresh weight, shoot height, and leaf area in A. viridis while also decreasing the incidence of illness.
The use of pine needles, sugarcane bagasse, and farmyard manure as components of potting media for spinach production was the subject of another study by Alam et al. (2024). In comparison to the control, the treated material showed better plant growth and nutrient content. In the end, the treated plants produced more spinach because growth parameters like leaf count, shoot length, fresh and dry shoot weight, and nutrient concentrations—including macronutrients like potassium, phosphorus, and nitrogen as well as micronutrients like iron, copper, manganese, and zinc—were significantly higher.
The significance of substrate composition was also emphasized in research by Erdal and Aktas (2025) on appropriate growing conditions for tomato development. According to their research, tomato fruit treatments with vermicompost and vermicompost-cocopeat combinations greatly improved vegetative development and raised nutritional concentrations. On the other hand, using peat moss alone was linked to increased yield and fruiting. These findings suggest that well designed growth media can outperform traditional soil-based systems in terms of increasing plant productivity.
The benefits of soilless substrates have also been shown by studies comparing the impact of soil-based and soilless growing media on the production of snapdragon (Antirrhinum majus L.), a significant decorative cut flower crop. According to Kumar et al. (2023), as compared to traditional soil-based media, a soilless medium made up of cocopeat, vermicompost, and vermiculite in a 2:1:1 ratio produced better growth and flowering. 
All things considered, these studies highlight how crucial it is to choose appropriate potting media compositions in order to promote plant growth, optimize nutrient uptake, lower the incidence of disease, and boost horticulture crop output.
4. Conclusion

Growing media are soilless combinations that are used in grow bags or containers to stimulate plant growth by supplying nutrients, water retention, and adequate aeration. They are easier to handle in nurseries, greenhouses, and home gardening, have better physical and chemical qualities than soil, encourage healthy root development, and lessen soil-borne infections. Cocopeat, bark chips, charcoal, vermicompost, neem cake, eggshell powder, rice husk ash, and helpful microbes like Trichoderma are typical ingredients. Biochar strengthens soil structure and stores carbon, whereas cocopeat increases aeration and water retention. Neem cake and vermicompost provide nutrients and aid in the reduction of illnesses and pests. Rice husk ash enhances drainage and aeration, while eggshell powder supplies calcium and aids in pH regulation. Both physical characteristics like porosity, bulk density, and sterility as well as chemical characteristics like nutritional balance, pH, electrical conductivity, C:N ratio, and cation exchange capacity affect how successful growth media are. When compared to traditional soil-based systems, properly prepared growing media can greatly increase plant growth and output.
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