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Phosphorus is an essential plant nutrient involved in root development, energy transfer,
flowering, and seed formation, particularly critical during early crop growth stages. For
decades, farmers have depended heavily on chemical fertilizers such as DAP (Diammonium
Phosphate) to meet crop requirements. However, this has contributed to a significant nutrient
imbalance in Indian agriculture, where the N:P:K ratio has shifted from the recommended
4:2:1 to about 9.8:3.7:1. Rising fertilizer costs, subsidy pressures, and global supply
uncertainties have further intensified the need to rethink phosphorus management strategies.

In India, majority of soils are deficient in available phosphorus. Even when present,
phosphorus often becomes unavailable to plants due to fixation with calcium, iron, and
aluminium compounds. As a result, only about 10-30% of applied phosphorus is utilized by
crops, while the remainder is immobilized in the soil, increasing input costs and contributing
to environmental concerns.

Earlier agricultural systems depended largely on natural sources such as bone meal, crop
residues, and animal manures for phosphorus supply. However, with the Green Revolution,
reliance on chemical fertilizers increased, and these traditional sources were largely
neglected. Reintegrating and scientifically enhancing these organic resources now offers a
promising pathway toward sustainable and self-reliant agriculture in line with the vision of
Atmanirbhar Bharat. To address these challenges, there is a growing emphasis on promoting
alternative, locally available, cost-effective, and environmentally sustainable phosphorus
sources to improve nutrient use efficiency and ensure long-term soil health and productivity.

1.Alternative Chemical Fertilizers: Alternatives fertilizers to DAP includes Single Super
Phosphate (SSP), Triple Super Phosphate (TSP), Monoammonium Phosphate (MAP), and
NPK complex fertilizers, which provide phosphorus without causing excess nitrogen
imbalance. SSP (16% P20s) is widely preferred due to its added sulfur content, making it
suitable for pulses and oilseeds, while TSP (44-46% P:0s) and MAP (50-52% P2Os) supply
higher phosphorus for crops requiring more amount of phosphorus. NPK complexes offer
balanced nutrition by supplying nitrogen, phosphorus, and potassium together, improving
overall crop productivity. Selecting these alternatives based on soil testing and crop
requirement helps improve nutrient use efficiency, reduce costs, and maintain long-term soil
health.

2.Natural Mineral Source: Rock Phosphate

Rock phosphate is one of the most important alternatives to chemical phosphorus fertilizers.
It contains about 20-30% P2Os and is a natural mineral source. Unlike DAP, it does not
dissolve quickly in soil, but releases phosphorus slowly over time. It works best in acidic
soils, where its solubility is higher. Farmers can improve its effectiveness by mixing it with
compost or farmyard manure. When combined with beneficial microorganisms, rock
phosphate can give results comparable to chemical fertilizers.



3.0rganic Manures and Composts:

Organic manures are widely available and provide multiple benefits. Farmyard manure
(FYM) contains about 0.3% P20s, while compost has around 0.5% P.Os. Though their
phosphorus content is low, they improve soil structure, increase water-holding capacity, and
support beneficial microbial activity. Poultry manure is relatively richer, containing about
2.5% P-0s, and releases nutrients more quickly. Vermicompost, with about 0.6—-1.0% P-0s, is
another valuable source. It enhances nutrient availability through the action of earthworms
and microbes. Regular use of organic manures not only supplies phosphorus but also helps in
releasing the phosphorus already fixed in the soil.

4.Phosphate Rich Organic Manure (PROM):

One of the most promising innovations is Phosphate Rich Organic Manure (PROM), which
contains about 10-14% P.Os. It is prepared by composting organic materials along with rock
phosphate and beneficial microbes. This process increases phosphorus availability compared
to raw compost. PROM is easy to apply and provides long-term benefits to soil fertility and
crop productivity.

5.Concentrated Organic Sources: Bone Meal and Oil Cakes

Some organic materials contain higher concentrations of phosphorus and are especially useful
for high-value crops. Bone meal is a rich source with about 20- 30 % P.Os and provides slow
and steady nutrient release. Fish meal (around 3-6% P»0Os), meat meal (about 2-5% P-Os) and
Guano (11-14% P20) are also good sources. Oil cakes such as mustard cake and groundnut
cake contain about 1.5- 1.8 % P>0Os. These materials not only supply nutrients but also
improve soil organic matter and microbial activity, making them suitable for organic farming
systems.

6.Crop Residues: Crop residues are often burned in fields, leading to loss of nutrients and
environmental pollution. However, these residues contain about 0.2-0.4% phosphorus. When
incorporated into the soil, they decompose and release nutrients gradually. Recycling crop
residues improves soil organic carbon, enhances microbial activity, and contributes to
sustainable nutrient management.

7.Recycled Nutrient Sources: New approaches are focusing on recycling nutrients from
waste materials such as a) Sewage Sludge: Sewage sludge, obtained from wastewater
treatment, contains about 8% (W/W) phosphorus and can be used as a fertilizer after proper
treatment. It provides a good amount of nutrients and helps reduce dependency on chemical
fertilizers.

b) Struvite: Struvite is another emerging fertilizer produced from animal waste and
wastewater. It contains about around 28 -30% P-Os and releases nutrients slowly. It is highly
efficient and environmentally friendly, though its use is still limited in many areas.

8.Industrial By-products: Steel Slag

Steel slag, a by-product of the steel industry, contains about 1-3% P»0Os along with calcium
and silicon. It helps improve soil pH and enhances phosphorus availability. Silicon present in
slag also strengthens plants and improves resistance to pests and diseases.

9.Microbial interventions:
In organic and sustainable farming, microorganisms play a crucial role. Phosphate-
solubilizing bacteria (PSB) convert insoluble phosphorus into soluble forms that plants can



absorb by secreting organic acids that break chemical bonds holding phosphorus. Applying
PSB can free up 10-20 kg of available P per hectare. Similarly, mycorrhizal fungi increase
the root surface area and help plants take up more nutrients from the soil. They can mobilize
20-25 kg of P per hectare while improving drought resistance. These biofertilizers are low-
cost, easy to use, and highly effective when combined with organic sources.

10.Agronomic Management Practices for Efficient Phosphorus Use
a.Soil Tillage and Conservation Practices

Efficient phosphorus use depends not only on fertilizer application but also on appropriate
soil and crop management practices. Reduced use of heavy machinery, adoption of
conservation agriculture practices such as minimum tillage or zero tillage, and improved field
management help reduce soil compaction, enhance root proliferation, and improve
phosphorus availability in the root zone. In addition, practices like mulching and contour
farming effectively reduce soil erosion and minimize phosphorus losses through surface
runoff.

b.Crop Rotation, Cover Crops, and Legumes

Cover crops play an important role in mobilizing soil phosphorus by releasing organic acids
from their root systems, which help solubilize fixed and unavailable forms of phosphorus.
Crops such as buckwheat, which releases citric and oxalic acids, are highly effective in
mobilizing bound phosphorus and making it available for subsequent crops. Similarly,
mustard and radish contribute to improved phosphorus cycling through their deep and
extensive root systems, which access phosphorus from deeper soil layers and recycle it back
to the surface through biomass decomposition, thereby enhancing overall soil phosphorus
availability.

Leguminous crops improve phosphorus use efficiency through their symbiotic association
with phosphorus-solubilizing and nitrogen-fixing microorganisms in the rhizosphere. Crop
rotations such as wheat—soybean or rice—lentil enhance soil fertility and increase residual
phosphorus availability. The decomposition of legume residues further releases organically
bound phosphorus, thereby benefiting the succeeding crops.

c.Liming of Acidic Soils

In acidic soils, the application of agricultural lime@ 3-4q/ is an important practice for
improving phosphorus availability. Liming corrects soil acidity by raising soil pH and
reduces phosphorus fixation with iron and aluminum oxides and hydroxides. As a result,
more phosphorus remains in plant-available forms, leading to improved nutrient uptake and
better crop growth and productivity.

d.Method of P Fertilizer applications: Phosphorus fertilizer efficiency can be improved by
adopting proper methods of application such as band placement or placement near the root
zone instead of broadcasting. This reduces fixation losses and ensures better contact between
roots and available phosphorus. Application based on soil testing, along with incorporation
into the soil rather than surface application, further enhances phosphorus availability and
uptake by crops.

11.Practical Approach for Farmers



Farmers should adopt an integrated phosphorus management strategy instead of relying
solely on chemical fertilizers. Rock phosphate, PROM, organic manures, crop residues, and
biofertilizers such as PSB and mycorrhiza should be combined for better efficiency.
Maintaining soil pH, following crop rotation, and ensuring proper placement of fertilizers
near the root zone can significantly improve phosphorus use efficiency.

Excess phosphorus application should be avoided, as it can cause runoff, water pollution, and
algal blooms. Therefore, soil testing-based fertilizer application and timely nutrient
management are essential for sustainable farming.

Conclusion

Phosphorus is a limited but essential resource for agriculture. Overdependence on chemical
fertilizers like DAP is neither economically nor environmentally sustainable. A wide range of
alternative sources including rock phosphate, organic manures, PROM, crop residues,
recycled wastes, and microbial inoculants offer viable pathways for improving phosphorus
use efficiency. Integrated nutrient management combined with sound agronomic practices
ensures sustainable crop production and long-term soil health.
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