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Abstract: 

Glauconite, a greenish mineral with unique chemical and physical properties, has garnered 

increasing attention in agriculture as a versatile resource for enhancing soil fertility, 

promoting plant health, and improving crop productivity.  

This review provides a comprehensive overview of the role of glauconite in sustainable 

agriculture, focusing on its applications as a soil amendment, natural sorbent for heavy 

metals, mineral fertilizer, and biotechnological tool.  

We discuss the chemical composition and properties of glauconite, its mechanisms of action 

in soil, and the methods of application and dosage considerations. Challenges and 

opportunities for future research and development are also explored, including soil-specific 

considerations, environmental impacts, economic viability, and the need for research and 

innovation.  

By addressing these challenges and leveraging its potential, glauconite offers promising 

opportunities for sustainable soil management and agricultural production, contributing to 

soil health, crop resilience, and environmental sustainability in diverse agroecosystems. 
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11.1 Introduction: 

Glauconite, a greenish mineral related to micas, is gaining significant interest in agricultural 

research due to its unique properties and potential benefits for soil health and crop yields 

(Hamed et al., 2020, Rakesh et al., 2020). Formed in marine sediments, glauconite is rich 

in potassium, iron, and other essential plant nutrients. Moreover, it acts as a natural filter 

for heavy metals (Kalinina et al., 2023). In recent years, scientists and agricultural experts 

have been exploring various biotechnological methods to utilize glauconite's potential for 

sustainable agriculture. A growing body of research highlights the effectiveness of 

glauconite as a soil amendment and alternative fertilizer (Rudmin et al., 2020). Early studies 

from the mid-20th century established the foundation for understanding glauconite's 

chemical composition and interactions with soil components. These pioneering works 

revealed glauconite's ability to improve soil structure, enhance nutrient retention, and 

promote plant growth. Building upon this knowledge, subsequent research has delved 

deeper into the mechanisms behind glauconite's agricultural benefits and explored its 

applications in diverse farming systems (Rudmin et al., 2020). 

Recent advancements in analytical tools like spectroscopy and microscopy have allowed 

researchers to decipher the molecular structure of glauconite and its interactions with soil 

microbes (Shirale et al., 2023).  Through molecular modeling, scientists have gained a better 

understanding of the surface chemistry of glauconite particles, revealing their ability to 

capture and immobilize heavy metals through ion exchange and surface complexation 

processes (Shirale et al., 2023). These findings hold promise for remediating metal-

contaminated soils and promoting overall soil health in agricultural ecosystems (Franus et 

al., 2019). 

Field experiments and long-term studies have provided strong evidence of glauconite's 

effectiveness as a soil conditioner and fertilizer substitute. Research conducted in various 

agricultural settings has demonstrated the positive effects of glauconite application on soil 

fertility, crop yields, and nutrient uptake by plants (Choudhury et al., 2022). From temperate 

to tropical regions, farmers have reported improvements in soil structure, water retention, 

and overall crop health after incorporating glauconite into their practices (Choudhury et al., 

2022). 
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Biotechnological innovations have further expanded the applications of glauconite in 

agriculture, opening new avenues for harnessing its potential. Techniques have been 

developed to improve the effectiveness of glauconite-based bio-fertilizers, enabling the 

sustained release of beneficial microorganisms and nutrients in the root zone (rhizosphere) 

(Rudmin et al., 2019). These advancements offer promising possibilities for enhancing soil 

microbial diversity, promoting plant-microbe interactions, and increasing the resilience of 

agricultural systems to environmental stresses (Praveen et al., 2019). 

Building a Comprehensive Understanding: 

This review aims to synthesize the current knowledge on glauconite in agriculture by 

drawing upon a wide range of literature sources from various disciplines. Through critical 

evaluation of existing research, we intend to provide insights into the potential applications 

of glauconite for sustainable soil management and crop production. By adopting an 

interdisciplinary approach, we aim to identify crucial research gaps, highlight emerging 

trends, and propose future directions for advancing our understanding of glauconite's role 

in agricultural ecosystems. 

11.2 Glauconite: A Green Mineral with Agricultural Potential: 

Glauconite, a green-colored phyllosilicate mineral, holds promise for sustainable 

agriculture due to its unique chemical make-up and properties (Verma, 2018).  Its formula, 

(K, Na) (Fe^3+, Al, Mg)2(Si, Al)4O_10(OH)_2, reflects its formation in marine sediments 

under low oxygen conditions, where organic matter decomposition and microbial activity 

play a crucial role (Tribovillard et al., 2023). 

A. Chemical Composition and Crystal Structure: 

Glauconite boasts a unique chemical composition with significant amounts of potassium 

(K), iron (Fe), aluminum (Al), magnesium (Mg), silicon (Si), and oxygen (O).  Interestingly, 

these elements can substitute for each other within the crystal lattice [3]. The mineral's 

structure consists of alternating layers: tetrahedral (Si, Al)O4 units and octahedral (Fe^3+, 

Al, Mg)(OH)_2 units arranged in a 2:1 configuration (Bansal et al., 2019).  
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The characteristic green color arises from the presence of hydrated iron oxides and 

hydroxides, with variations in shade and intensity influenced by the iron's oxidation state 

and the degree of crystallization (Bayon et al., 2023). 

B. Role of Glauconite as a Soil Amendment: 

Glauconite emerges as a promising soil amendment, playing a vital role in enhancing soil 

structure, nutrient retention, and overall fertility (Rudmin et al., 2019).  Its unique properties 

offer significant advantages over traditional fertilizers and conditioners, making it a 

valuable addition to agricultural practices. 

C. Enhanced Nutrient Retention: 

Glauconite's high cation exchange capacity (CEC) allows it to adsorb and retain essential 

plant nutrients like potassium, magnesium, calcium, and trace elements (Singla et al., 2020). 

This unique property enables it to act as a reservoir, gradually releasing these nutrients over 

time as plants require them. By minimizing nutrient leaching and runoff, glauconite 

promotes efficient nutrient utilization and reduces environmental pollution.  Furthermore, 

its ability to adsorb and immobilize heavy metals contributes to soil detoxification efforts 

in contaminated environments (Benkova and Atanassova, 2018). 

D. Glauconite as a Natural Sorbent for Heavy Metals: 

Glauconite emerges as a promising soil amendment, playing a vital role in enhancing soil 

structure, nutrient retention, and overall fertility.  Its unique properties offer significant 

advantages over traditional fertilizers and conditioners, making it a valuable addition to 

agricultural practices (Rudmin et al., 2019). 

E. Improved Soil Structure: 

Glauconite's layered structure and extensive surface area promote the formation of stable 

soil aggregates, leading to increased soil porosity, aeration, and water infiltration (Shabana, 

and Shawky, 2020). This enhanced structural stability mitigates the risks of erosion, 

compaction, and waterlogging, creating a favorable environment for root development and 
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microbial activity. Research has shown that incorporating glauconite amendments can 

improve soil aggregate stability and decrease bulk density, ultimately leading to better soil 

tilth and increased crop productivity (Shabana, and Shawky, 2020). 

F. Enhanced Nutrient Retention: 

Glauconite's high cation exchange capacity (CEC) allows it to adsorb and retain essential 

plant nutrients like potassium, magnesium, calcium, and trace elements (Singla et al., 2020). 

This unique property enables it to act as a reservoir, gradually releasing these nutrients over 

time as plants require them. By minimizing nutrient leaching and runoff, glauconite 

promotes efficient nutrient utilization and reduces environmental pollution.  Furthermore, 

its ability to adsorb and immobilize heavy metals contributes to soil detoxification efforts 

in contaminated environments (Rudmin et al., 2020). 

G. Promoting a Thriving Microbiome: 

Glauconitic fosters a favourable habitat for beneficial soil microbes within the rhizosphere, 

promoting their proliferation and activity (Fomina and Skorochod, 2020).  The high surface 

area provides attachment sites for microbial colonization, while the nutrient-rich 

composition supports their growth and metabolism. Studies indicate that glauconite 

amendments can enhance microbial biomass, enzymatic activity, and nutrient cycling in the 

soil, ultimately improving nutrient availability and plant performance (Rudmin et al., 2020). 

Additionally, its ability to immobilize heavy metals reduces their toxic effects on soil 

microbes, thereby preserving soil biodiversity and maintaining ecosystem function 

(Syrchina et al., 2022) 

H. Boosting Soil Fertility and Crop Resilience: 

By improving soil structure, nutrient retention, and microbial activity, glauconite 

significantly contributes to the overall fertility and productivity of agricultural soils. Its 

slow-release properties ensure a steady supply of nutrients to plants throughout the growing 

season, reducing the need for frequent fertilization and minimizing nutrient losses (Rudmin 

et al., 2019).  
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Moreover, glauconite enhances soil water retention and promotes drought resilience, 

thereby increasing crop tolerance to environmental stresses and boosting yield stability and 

profitability for farmers (Xu et al., 2023). 

11.3 Glauconite: A Sustainable Approach to Plant Nutrition: 

Glauconite's unique composition and nutrient-release properties position it as a promising 

alternative to conventional mineral fertilizers, promoting sustainable soil management and 

crop production (Rakesh et al., 2020).  Its ability to provide sustained plant nutrition offers 

several advantages compared to traditional methods. As a natural source of potassium (K), 

magnesium (Mg), iron (Fe), and trace elements, glauconite contributes significantly to soil 

fertility, plant health, and overall crop performance. 

A. Nutrient Content and Gradual Release: 

Glauconite boasts a noteworthy content of potassium (6-10% by weight) alongside varying 

amounts of magnesium, iron, and other micronutrients crucial for plant growth (Fernández-

Landero and Fernández-Caliani, 2021).   

These elements play essential roles in various physiological processes, including enzyme 

activation, maintaining water balance, and photosynthesis.  Unlike readily soluble 

fertilizers, glauconite's slow-release nature ensures a gradual supply of nutrients throughout 

the growing season (Rudmin et al., 2019). This characteristic minimizes the risk of nutrient 

leaching and runoff, promoting efficient uptake and utilization by crops. 

B Enhancing Plant Growth and Yield: 

Research has documented the positive impact of glauconite application on plant growth, 

yield, and quality across various crops (Rudmin et al., 2020).  By providing a steady stream 

of nutrients, glauconite amendments contribute to balanced plant nutrition and optimal 

development. Studies have shown increased root development, shoot growth, and overall 

plant biomass in crops grown with glauconite, leading to higher yields and improved crop 

performance under normal and stressful environmental conditions (Rudmin et al., 2019). 
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C. Sustainable Benefits Compared to Conventional Options: 

Comparative studies have highlighted the agronomic effectiveness and environmental 

advantages of glauconite over conventional mineral fertilizers like potassium chloride (KCl) 

and potassium sulfate (K₂SO₄) (Rudmin et al., 2019). While conventional options offer 

readily available nutrients for immediate uptake, they often necessitate frequent applications 

and pose a higher risk of nutrient loss and potential soil degradation.  In contrast, 

glauconite's slow-release properties and ability to retain nutrients offer long-term benefits 

for soil health, water quality, and overall environmental sustainability. 

D. Supporting a Thriving Soil Microbiome: 

Glauconite amendments can influence the composition and activity of soil microbial 

communities, leading to a more diverse and robust microflora within the rhizosphere (the 

zone surrounding plant roots) (Maietta et al., 2020).  By providing a continuous source of 

nutrients and creating a favourable soil environment, glauconite promotes the growth and 

activity of beneficial microbes like nitrogen-fixing bacteria, mycorrhizal fungi, and plant 

growth-promoting rhizobacteria (PGPR) (Maietta et al., 2020).  These microbial 

interactions contribute to nutrient cycling, organic matter decomposition, and disease 

suppression, ultimately enhancing soil fertility and fostering a healthy plant microbiome. 

E. Optimizing Application and Dosage: 

The ideal application rate and methods for using glauconite depend on various factors such 

as soil type, specific crop requirements, and existing agricultural practices (Hamed, and 

Abdelhafez, 2020).  Soil testing and nutrient analysis are crucial for determining the 

appropriate dosage to meet crop nutrient needs and maintain soil fertility.  Generally, 

glauconite can be incorporated into the soil or applied as a top dressing at rates ranging from 

2 to 10 tons per hectare, depending on soil conditions and desired crop yields Hamed, and 

Abdelhafez, 2020). 

Optimizing Glauconite Use in Agriculture: Application Methods and Dosage Strategies 

Glauconite's effectiveness as a soil amendment relies not just on its inherent properties but 

also on the chosen application method and appropriate dosage.   
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Various techniques ensure optimal distribution of glauconite within the soil, maximizing its 

agronomic benefits (Rakesh et al., 2020). Determining the correct dosage is crucial for 

meeting crop nutrient needs, maintaining soil fertility, and minimizing potential drawbacks. 

F. Application Techniques: 

Several methods exist for incorporating glauconite into agricultural soils, each offering 

distinct advantages: 

Broadcasting: Glauconite is spread uniformly over the soil surface using mechanical 

spreaders. This method is efficient for large areas but may require incorporation for 

effective nutrient delivery to plant roots. 

Incorporation: Glauconite is mixed into the soil through tillage practices like plowing, 

disking, or harrowing. This ensures even distribution within the root zone, promoting better 

nutrient uptake by plants. 

Top Dressing: Glauconite is applied to the soil surface after planting or during crop growth. 

Irrigation or rainfall facilitates nutrient movement towards plant roots. This method is 

suitable for established crops and can provide readily available nutrients during critical 

growth stages. Foliar Spraying: Suspensions of finely ground glauconite are directly 

sprayed onto plant foliage. This approach is particularly beneficial under nutrient deficiency 

or stress conditions, allowing for rapid nutrient uptake through leaves. However, foliar 

application is limited by the amount of nutrients deliverable and may require repeated 

applications. 

G. Tailoring Dosage for Crop Needs and Soil Conditions: 

The optimal dosage of glauconite hinges on several factors, including: 

Soil Type: Sandy soils with low organic matter may require higher rates (2-5 tons/hectare) 

to improve fertility and nutrient retention, while clayey soils with higher cation exchange 

capacity (CEC) may need lower rates (1-3 tons/hectare) to avoid nutrient imbalances 

(Bamberg et al., 2023). 
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Crop Nutrient Requirements: Different crops have varying nutrient demands. Dosage 

should be adjusted based on the specific crop being cultivated and its stage of growth. 

Soil pH: Soil acidity can affect nutrient availability. Adjustments may be required in highly 

acidic or alkaline soils to optimize nutrient delivery. 

Environmental Conditions: Factors like rainfall patterns and potential for nutrient leaching 

can influence application strategies. 

H. Sustainable Use and Environmental Considerations: 

Sustainable use of glauconite necessitates careful consideration of environmental factors: 

Overapplication: Excessive use can lead to nutrient imbalances, increased soil salinity, and 

potential environmental pollution, particularly in sensitive ecosystems or areas prone to 

runoff (Kalinina et al., 2023). Following recommended application rates and best 

management practices is crucial. 

Integrated Nutrient Management: Combining glauconite with practices like crop rotation, 

cover cropping, and organic amendments fosters long-term soil health and reduces nutrient 

losses. 

I. Precision Technologies and Advancements: 

Technological advancements offer opportunities to refine glauconite application and 

enhance nutrient use efficiency: 

Precision Agriculture Tools: Mapping tools and remote sensing techniques help identify 

areas of nutrient deficiency within a field, enabling targeted application of glauconite, 

minimizing waste, and optimizing resource use (Rudmin et al., 2023). 

Variable Rate Technology (VRT): VRT allows for adjusting application rates based on real-

time data on soil nutrient variability and crop needs, further reducing environmental impact 

and maximizing yield potential (Späti et al., 2021). 
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Formulations for Improved Application: Innovations like granulation, pelletization, and 

encapsulation enhance the handling, storage, and application of glauconite, facilitating 

wider adoption and efficient use in agricultural settings (Rudmin et al., 2023). 

By implementing these strategies, farmers can harness the potential of glauconite while 

ensuring sustainable agricultural practices and environmental responsibility. In summary, 

selecting appropriate methods of application and determining optimal dosage rates are 

critical considerations for maximizing the effectiveness of glauconite in agriculture while 

minimizing environmental risks. By following recommended guidelines and integrating 

glauconite into sustainable soil management practices, farmers can enhance soil fertility, 

improve crop productivity, and promote environmental stewardship in agricultural 

ecosystems. Continued research and innovation in application technologies will further 

advance the utilization of glauconite as a valuable resource for sustainable agriculture. 

11.4 Challenges and Future Directions: 

While glauconite holds significant promise as a sustainable resource for agriculture, several 

challenges and opportunities for future research and development must be addressed to fully 

harness its potential and ensure its effective utilization in diverse agricultural systems. 

A. Soil-Specific Considerations: 

The effectiveness of glauconite as a soil amendment and fertilizer substitute may vary 

depending on soil type, texture, pH, and organic matter content. Sandy soils with low CEC 

may require higher application rates of glauconite to improve nutrient retention and soil 

fertility, whereas clayey soils with higher CEC may require lower application rates to avoid 

nutrient imbalances and excessive nutrient accumulation. Understanding soil-specific 

characteristics and nutrient cycling processes is essential to tailor glauconite application 

strategies and optimize agronomic outcomes. 

B. Environmental Impacts: 

While glauconite offers several environmental benefits, such as reduced nutrient leaching, 

improved soil structure, and enhanced microbial activity, its widespread use may also pose 
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environmental risks if not managed properly. Over application of glauconite can lead to 

nutrient imbalances, soil salinity, and environmental pollution, particularly in sensitive 

ecosystems or areas with high runoff potential. Therefore, it is crucial to develop sustainable 

management practices and application guidelines to minimize environmental impacts and 

ensure the long-term sustainability of glauconite utilization in agriculture. 

C. Economic Viability: 

The cost-effectiveness of glauconite as a soil amendment and fertilizer alternative is another 

consideration for its widespread adoption in agriculture. While glauconite offers several 

agronomic benefits, including slow-release nutrient availability, improved soil structure, 

and enhanced crop productivity, its initial investment cost and application expenses may 

vary depending on regional availability, transportation costs, and market demand. 

Therefore, economic analyses and cost-benefit assessments are essential to evaluate the 

economic viability of glauconite-based interventions and inform decision-making by 

farmers, policymakers, and agribusiness stakeholders. 

D. Research and Innovation: 

Continued research and innovation are needed to address the aforementioned challenges 

and unlock the full potential of glauconite in agriculture. Future research directions may 

include investigating novel application technologies, such as precision agriculture tools, 

remote sensing, and encapsulation techniques, to optimize glauconite application and 

maximize nutrient use efficiency. Furthermore, interdisciplinary research collaborations 

and field trials are essential to assess the agronomic performance, environmental impacts, 

and socioeconomic implications of glauconite-based interventions in diverse cropping 

systems and agroecological contexts. 

E. Policy Support and Extension Services: 

Policy support and extension services play a crucial role in facilitating the adoption and 

dissemination of glauconite-based technologies and practices among farmers and 

agricultural stakeholders. Government incentives, subsidies, and regulatory frameworks can 

incentivize sustainable soil management practices and promote the use of glauconite as a 
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natural resource for agriculture. Extension programs, farmer training workshops, and 

knowledge-sharing platforms can provide technical assistance, best management practices, 

and practical guidance on glauconite application and utilization in agricultural systems. 

11.5 Conclusion: 

Addressing the challenges and opportunities outlined above will require collaborative 

efforts from researchers, policymakers, farmers, and agribusiness stakeholders to promote 

the sustainable utilization of glauconite in agriculture. By overcoming barriers, fostering 

innovation, and implementing evidence-based practices, glauconite has the potential to 

enhance soil fertility, improve crop productivity, and contribute to the long-term 

sustainability and resilience of agricultural systems worldwide. 
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