
 

 

 
Agri Articles 

(e-Magazine for Agricultural Articles)  

Volume: 05, Issue: 06 (NOV-DEC, 2025) 
Available online at http://www.agriarticles.com  

Agri Articles, ISSN: 2582-9882 
 

 

Agri Articles ISSN: 2582-9882 Page 227 

Sustainable Phosphorus Management and Crop Production 
Akhilesh Kumar Singh, 

*
S.R.P. Singh, Uday Kumar and Anand Kumar Jain 

Bihar Agricultural University, Sabour-813210 
*
Corresponding Author’s email: dr.shashiranjan.basf@gmail.com

  

 

ustainable phosphorus (P) management involves integrating improved crop and soil 

management with optimized fertilizer use to enhance P efficiency, increase crop 

production, and protect the environment. Key strategies include using P-efficient crop 

varieties, managing P inputs to match crop needs, employing techniques like band placement, 

and incorporating organic P sources and recovery technologies from waste 

streams. Sustainable soil phosphorus (P) management involves matching P application with 

crop needs and promoting nutrient recycling to balance inputs and outputs, which is crucial 

for both high crop yields and environmental protection. Strategies include optimizing 

fertilizer use through soil testing, incorporating P-efficient cropping techniques, and recycling 

P from crop residues and organic waste. This approach is necessary because phosphorus is a 

finite resource and excess P can lead to soil degradation and water pollution through 

eutrophication. Sustainable soil phosphorus (P) management is essential for enhancing crop 

yield because P is a vital nutrient for plant growth, energy transfer, and reproduction, and 

sustainable practices prevent both overuse and depletion of P resources. Inefficient use of P 

fertilizers due to soil fixation is a major challenge, as a significant portion of applied P 

becomes unavailable to plants. A sustainable approach involves using a combination of 

techniques, such as soil testing-based applications, using appropriate fertilizer types (like 

slow-release or organic sources), and implementing cropping techniques to improve P uptake 

efficiency, thereby boosting crop yield while protecting the environment.  

 Sustainable phosphorus management is crucial for global food security and 

environmental health, focusing on balancing the use of this finite resource with reducing 

pollution. Its functions include essential roles in plant growth (photosynthesis, reproduction) 

and human health (bone formation), while mismanagement leads to issues like eutrophication 

and biodiversity loss. Strategies involve improving efficiency in agriculture, recovering 

phosphorus from waste, and adopting circular economy principles across supply chains.  
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Functions of phosphorus 
 Plant growth: Essential for photosynthesis, reproduction (seed, fruit, and flower 

formation), and overall plant health and vigor. 

 Animal and human health: A key component of bones and teeth, and vital for the body's 

use of carbohydrates and fats, and for protein synthesis in cells and tissues. 

 Food production: Underpins global food systems and ensures food security, as many 

plants would not grow sufficiently without it. 

 Technology: Used in various industries, including the manufacturing of lithium-ion 

batteries.  

Why sustainable management is necessary 

 Finite resource: Phosphorus is derived from non-renewable rock phosphate, and current 

reserves are finite, making its efficient use critical for the future. 

 Food security: Unsustainable practices and inefficient use threaten future food 

production, as P is essential for crops. 

 Environmental pollution: Over-application in agriculture leads to runoff and leaching into 

waterways, causing eutrophication—the excessive growth of algae that depletes oxygen 

and creates "dead zones". 

 Biodiversity loss: Nutrient pollution from excess phosphorus contributes to the 

degradation of aquatic ecosystems and biodiversity loss.  

Sustainable management strategies : 
 Improve agricultural efficiency: Use P-fertilizers more efficiently by applying them based 

on soil tests and plant needs to minimize losses. 

 Increase PUE: Enhance Phosphorus Use Efficiency (PUE) through techniques like using 

phosphorus-solubilizing microorganisms (PSMs) to make soil phosphorus more available 

to plants. 

 Recover and reuse phosphorus: Implement strategies to recover P from waste streams like 

wastewater, sewage sludge, and animal manure, and use it to create new products or 

fertilizers. 

 Implement circular economy principles: Manage the entire phosphorus supply chain, 

from mining to production to end-use, in a more coordinated and circular manner to 

reduce waste and environmental impact. 

 Incorporate policy and governance: Develop and enforce effective legislation at local, 

national, and international levels to promote sustainable P management, potentially using 

economic instruments and other governance tools.  

Major physiological and biochemical functions of phosphorus in a typical legume plant : 
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Limitations of sustainable soil phosphorus management include the fixation of phosphorus in 

soil (making it unavailable to plants), the inefficiency of current practices and fertilizers, and 

the need for better measurement tools, the global challenges of resource management and 

supply chain uncertainties, and the lack of integrated global governance. These issues mean 

that even with efforts toward sustainability, challenges remain in ensuring enough 

phosphorus is available for crops without causing environmental harm.  

Soil and nutrient limitations 
 Phosphorus fixation: In many soils, phosphorus can get "fixed" or bound to other 

elements like iron, aluminum, or calcium, making it unavailable for plant uptake. 

 Low fertilizer efficiency: Many conventional fertilizers are inefficient, with a significant 

portion lost to the environment, especially in certain soil types. 

 Soil-specific challenges: Sustainable management is complex because phosphorus 

availability is heavily influenced by soil properties like pH, organic matter, and water 

content, requiring site-specific solutions.  

Practical and economic limitations 
 Inefficient practices: Current farming methods often rely on simply adding more 

fertilizer without addressing the root causes of phosphorus loss or improving soil health. 

 Cost and measurement: Developing and implementing new technologies and methods 

requires accurate, affordable ways to measure phosphorus levels and fluxes in the soil, 

which are currently lacking. 

 Uncertainty: Global supply chains for phosphorus are subject to supply, demand, and 

price fluctuations, which create uncertainties for long-term strategic planning.  

Global and systemic limitations 
 Need for a circular economy: There is a global need to shift away from a linear "mine-

and-waste" model towards a circular system that recycles phosphorus from waste streams 

more effectively. 

 Lack of global governance: Attempts to create a unified, global framework for 

managing phosphorus resources are still in the early stages and have not yet been 

effectively implemented. 

 Balancing human and ecological needs: Sustainable management must balance the need 

for food security with the protection of ecosystems from issues like eutrophication caused 

by excessive phosphorus runoff.  

Concept 
The concept of sustainable phosphorus (P) management in crop production 

involves optimizing P use for high yields while minimizing waste and environmental 

damage, as phosphorus is a finite and non-renewable resource. Key strategies include 

improving P-use efficiency (PUE), 

using a combination of optimized 

fertilizer management and cropping 

techniques, and closing the loop on P 

by recycling it from waste streams and 

crop residues. This approach extends 

the limited P supply, reduces costs, and 

prevents environmental pollution from 

excessive P runoff and leaching.  

 Future prospects for sustainable soil phosphorus management 

include nanotechnology for controlled-release fertilizers, innovative recovery 

techniques from waste materials and wastewater, and improving existing practices to 

maximize the use of legacy phosphorus already in the soil. The long-term goal is a 

more circular system that balances inputs and outputs, minimizes environmental losses, and 
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requires a unified global effort, advanced modeling, and a combination of technological, 

policy, and social changes.  

 

Technological and scientific advancements 
 Phosphorus nano-fertilizers (P-nFs): These offer controlled release, which increases 

nutrient use efficiency and reduces phosphorus loss from the soil into waterways. 

 Innovative recovery: Technologies like struvite crystallization can recover phosphorus 

from wastewater and agricultural runoff, creating a slow-release fertilizer. 

 Advanced modeling and data: Future management will rely on improved measurement 

techniques and high-resolution spatial data to better understand phosphorus availability, 

cycling, and to inform agronomical decisions.  

Improving existing practices 
 Recycling and reuse: Focus on using legacy phosphorus in the soil, which is a large but 

often underutilized resource, through practices like increasing soil pH, improving soil 

health, and using cover crops. 

 Optimizing application: Implement targeted phosphorus fertilizer application rather than 

broad, excessive use to match crop needs and reduce waste and environmental harm. 

 Plant breeding and genetics: Develop crops that are more efficient at taking up 

phosphorus, such as low-phytate crops, to reduce the amount of fertilizer needed.  

Systemic and policy changes 
 Circular economy: Shift from a linear model of mining and wasting phosphorus to a 

circular system that prioritizes recovery, recycling, and reuse. 

 Global collaboration: A unified global effort is needed to develop clear sustainability 

goals and to share knowledge and resources, especially for regions with low P inputs. 

 Policy and social action: Implement policies that support recycling and reuse, and 

address social barriers that prevent the adoption of new technologies and practices. 

 Knowledge-based management: Improve management practices through better 

knowledge-sharing among stakeholders and a focus on P-use efficiency throughout the 

entire supply chain.  

Conclusion 
Sustainable management of phosphorus (P) in soil and crops requires a multifaceted approach 

that includes optimizing fertilizer use, enhancing nutrient recycling, and integrating crop and 

soil management techniques. The conclusion is that moving away from P-intensive methods 

is crucial to prevent P depletion, reduce environmental pollution from excess P, and ensure 

long-term food security through integrated strategies like using soil testing, improving P-use 

efficiency, and recovering P from waste streams. Sustainable phosphorus (P) management for 

crop production involves synchronizing P supply with plant needs to maximize crop yields 

while protecting the environment and conserving finite phosphate rock reserves. Key 

strategies include optimizing fertilizer use through soil testing, integrating practices like 

conservation tillage and residue management, increasing phosphorus use efficiency (PUE), 

and recycling P from waste streams like manure and wastewater.  


