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Phosphorus (P) Cycling in Crop 
Production Systems

Presenter
Presentation Notes
Phosphorus is an essential element for all forms of life. Phosphorus in the earth’s crust is mostly contained in soils and sediments.  Soils contain both organic and inorganic P containing compounds.  Phosphorus reactions in soils can be quite complex.  Crops take up dissolved inorganic P from soil water, and because soil solution P concentration is usually very low it must continually be replenished over the life of the plant to meet P demands.  Phosphorus fertilizer application is necessary where soil reserves are insufficient or unable to maintain adequate solution concentrations for crop production.  




P is Essential for Plant Nutrition

• Taken up mostly as phosphate (H2PO4
- and HPO4

2-)
• Involved in photosynthesis, energy transfer, cell 

division and enlargement
• Important in root formation and growth
• Improves the quality of fruit and vegetable crops
• Is vital to seed formation
• Improves water use 
• Helps hasten maturity

P deficient corn

Presenter
Presentation Notes
Phosphorus is essential for plant growth and function.  No other nutrient can be substituted for it.  It is one of three primary nutrients  ̶  the other two are nitrogen (N) and potassium (K).  Phosphorus is involved in photosynthesis, respiration, energy storage and transfer, cell division, cell enlargement, and several other processes in the plant.  It promotes early root formation and growth.  Phosphorus improves the quality of fruit, vegetable, and grain crops and is vital to seed formation.  It is involved in the transfer of hereditary traits from one generation to the next.  It helps roots and seedlings to develop more rapidly and improves winter hardiness.  An adequate P supply can increase water use efficiency, contributes to disease resistance in some plants, and hastens maturity… important to harvest and crop quality.  Perhaps the most noted function of P in plants is in energy storage and transfer.  Adenosine diphosphates and triphosphates (ADP and ATP) act as energy currency.  Orthophosphate is at the base of almost every metabolic reaction in plants, and P either directly or indirectly affects all biological processes.  
 
Plants absorb most of their P as the primary orthophosphate ion (H2PO4-).  Smaller amounts of secondary orthophosphate ion (HPO42-) are taken up.  Other forms of P can be utilized, but in much smaller quantities than orthophosphate.  




The Role of P as an Essential Nutrient for 
Animal Nutrition

• P is a major component of bones and 
teeth

• It is important for lactating animals
• P and calcium (Ca) are closely associated 

in animal nutrition
• It is essential for energy transfer 

and utilization

Presenter
Presentation Notes
About 80% of the P in animal bodies is contained in the skeleton.  Its major role (along with Ca) is as a constituent of bones and teeth.  The remainder is widely distributed throughout the body in combination with proteins and fats and as inorganic salts.  Phosphorus is present in every living cell and is essential in energy transfer and utilization.  
Calcium and P are closely associated in animal nutrition.  A liberal supply of Ca and P are essential for lactation  ̶  these two elements make up about 50% of milk ash.  Young and developing animals, and gestating and lactating animals need more P than other classes of mature animals.  




History of Phosphate Fertilizer
• Early sources were mostly animal based  ̶

bones, guano, manure
• Treatment of bones with acid to increase

P solubility started early to mid 1800s
• Sulfuric acid treatment process of bones 

and P minerals (apatite) was patented in 
mid 1800s.

• Today most P fertilizer production 
is based on acidification of apatite
from phosphate rock (PR) 

Guano mining, Chincha  
Islands, Peru, 1860

Guano mining, Chincha 
Islands, Peru 1860

U.S. phosphate operation, 
late 1800s

Presenter
Presentation Notes
The chemical symbol for the element phosphorus is P.  The fertilizer industry often uses the more generic term phosphate.  In fact, one of the online dictionary definitions for phosphate is “a phosphatic material used for fertilizers”.  
Early sources of P fertilizers were primarily animal derived materials such as bones and guano (seabird droppings).  For example, the guano deposits of the coastal islands of Peru were used in Incan agriculture long before the Spanish arrived in the sixteenth century (Jacob, 1964).  By the beginning of the nineteenth century the value of calcium phosphates in bones was recognized, and in England the demand for bones as fertilizer material began to rapidly grow.  The treatment of bones with acid to improve the solubility of phosphates began sometime in the early to mid 1800s.  
Superphosphate is a general term referring to soluble phosphate fertilizer produced by reacting less soluble phosphate sources with sulfuric acid.  The production of inorganic superphosphate and mixed fertilizers began soon after John B. Lawes and James Murray separately patented processes in 1842 in England for the production of superphosphate by treating bone and apatite (phosphate rock) with sulfuric acid (Jacob, 1964).  The first commercial production of PR began in 1847 in Suffolk in Great Britain.  Today, PR is the major raw material used in the production of practically all phosphate fertilizers. 

Guano image source: http://en.wikipedia.org/wiki/File:DSCN5766-guano-glantz_crop_b.jpg

Artist’s rendering shows North Carolina phosphate operation in late 1800s, from page 58 of History of U.S. Fertilizer Industry, by Lewis B. Nelson. 

Jacob, K.D. 1964. Predecessors of superphosphate. In Superphosphate: Its History, Chemistry, and Manufacture. Dep. Of Agric. And TVA, U.S. Govt. Printing Office, Washington, D.C.

 







Map of World P Resources

Source: IFDC

Presenter
Presentation Notes
The most common raw material (ore) used in commercial P fertilizer production is PR which contains a calcium phosphate mineral called apatite.  Phosphate rock is produced in several countries.  There are two main types of PR deposits: sedimentary and igneous.  Sedimentary deposits make up the majority (about 80%) of the world’s production of PR.  Insular deposits are a variety of sedimentary deposits typically associated with oceanic islands.  

It has been estimated that 82% of total phosphate produced is used for fertilizer production, with the remainder going for industrial uses (Prud’homme, 2010).
Morocco has the largest PR reserves, followed by China.  
Prud’homme, M. 2010. “World Phosphate Rock Flows, Losses and Use,” Paper presented at British Sulphur Events Phosphates 2010. March 22-24, Brussels, Belgium.





Phosphate Rock Reserves 
and Resources

• PR is a finite natural resource
• Reserves are generally defined as materials that can be 

economically produced at the present time using 
existing technology

• Resources include reserves and any other materials of 
interest that are not reserves

• Some have predicted that we are nearing “peak 
production” and that a scarcity of PR is looming

• An exhaustive review (IFDC, 2010) provides more 
details on global P reserves

Presenter
Presentation Notes
For greater detail see “World Phosphate Rock Reserves and Resources,” IFDC Technical Bulletin 75, available from IFDC, Muscle Shoals, AL 35662, U.S.A. www.ifdc.org






Formation of Phosphate Rock Deposits

• Most (>80%) PR used in fertilizer 
production is sedimentary, but 
igneous deposits are also used

• Sedimentary PRs were formed in 
continental shelf marine 
environments, and are thus taken 
from present or former continental 
margins

• Igneous PR was formed mostly in 
shield areas and rift zones

Generalized sedimentary deposit 
(Florida)

Presenter
Presentation Notes
Phosphate ore deposits, whether igneous or sedimentary, consist of calcium phosphate minerals (apatite).  Sedimentary PR is sometimes called phosphorite.  These deposits are found throughout the geologic time scale and were formed in ancient continental shelf marine environments.  The upwelling of deep, cold seawater (high in dissolved P) and its mixing with warmer water of the sunlit shelf environment results in water supersaturated with calcium phosphate.  This is an environment where marine life including algae, shellfish, and vertebrates flourishes.  Ultimately, thick deposits of PR are formed from direct chemical precipitation of apatite and the deposition of skeletons and debris from marine life.  Igneous PR deposits are the result of direct volcanic activity and may be hard rock or somewhat weathered and loosely consolidated.  
Depending on their origin, PRs have widely differing mineralogical, textural, and chemical characteristics.  Even within a general PR type there can be widely differing characteristics.  Furthermore, entire deposits or portions of deposits can have been influenced by near surface conditions that further alter the original ore.  It is worth noting here that sedimentary deposits commonly occur as small, loose pellets.  




PR Mining Techniques

• Most phosphate rock is 
extracted through open pit 
mining techniques such as

– Draglines
– Bucket wheel excavators
– Front end loader removal

Florida

IdahoNorth Carolina

Presenter
Presentation Notes
The majority of the world’s PR is removed through surface mining techniques, although some is extracted by underground methods.  Surface mining can take many forms  ̶  it may be open pit or strip mining, and may range from manual to highly mechanized removal methods. Where overburden and PR are soft enough, strip mining may involve draglines or bucket wheel excavators (e.g., Florida, USA, and Togo).  Open pit mining involves removal and setting aside of overburden material, removal of PR, and reclamation of mined land.  




Phosphate Rock Utilization Factors

• Concentrated (beneficiated) PRs are 
usually about 27% to 37% P2O5 (may be 
as low as ~23%)

• Low free carbonate content to avoid 
excess consumption of acid in 
phosphoric acid production

• Low Fe2O3, Al2O3, and MgO contents 
(below ~5%) to avoid formation of 
intermediate products

• Low Cl- content (<500 ppm) to 
prevent equipment corrosion

Presenter
Presentation Notes
Ore grade in the phosphate mining industry is one of the primary criterion used to differentiate phosphate ores.  Grade is often expressed in terms of bone phosphate of lime (BPL) or phosphorus pentoxide (P2O5).  The use of BPL is from the outdated belief that P in PR existed as tricalcium phosphate. Conversions of BPL to more familiar terms are shown below.  PRs vary in grade from about 60 to 80 BPL (120 to 160 g P/kg ). Most international trade involves the higher grade PR, while lower grade rock is often used at local processing facilities due to unfavorable economics of shipping and processing.
Other factors can affect the economic value of PR and its suitability for P fertilizer production and international trade.  The carbonate content of commercially traded PR is usually minimal since free carbonates consume excess acid in processing, which increases costs.  Several other physical and chemical factors such as Fe, Al, and Cl- content may also influence the selection of PR for certain processes.   

P (g/kg) = 1.997 x BPL (%)
P (%) = 0.1997 x BPL (%)
P2O5 (%) = 0.4576 x BPL (%)

Abbreviations: BPL = bone phosphate of lime; Fe = iron; Al = aluminum; Cl- = chloride; ppm = parts per million




Ore Impurities and Beneficiation

• Initial removal of impurities from PR ore is 
called beneficiation

• Beneficiation of PR involves removal of 
materials such as sand, clay, carbonates, 
organics, and iron oxide

• Beneficiation may involve
– Screening (wet or dry)
– Washing
– Hydrocyclones
– Calcination
– Flotation
– Magnets

Aerial view of beneficiation 
plant

Presenter
Presentation Notes
Regardless of how phosphate ore is extracted, it contains impurities that must be removed before it can be used for the manufacture of fertilizer.  Among the common impurities are clay minerals, sand (quartz or silicate), carbonates, iron oxides, and others.  Removal of these impurities is sometimes called beneficiation.  It results in higher grade ore, and is necessary for both economic and technical reasons.  Beneficiation may involve screening, washing, hydrocyclones, flotation, calcination, magnets or any combination of these.  Grinding of coarser materials may also be involved.  The process can vary widely depending on the characteristics of the ore.  




Ore Washing and Screening

• Separates oversize material 
(3 to 20 cm)

• Removes clays and other fines 
which result in a slurry of 
suspended waste called 
“slime”

• In areas without sufficient 
water, dry screening may be 
used

Washer

Trommel Screens

Presenter
Presentation Notes
The first step in beneficiation of most PR ore involves washing and/or screening.  Clays and other fines can largely be removed by a combination of washing, scrubbing, screening, and/or hydrocylcones.  This results in a waste slurry of suspended fines, often referred to as “slime”.  Disposal of slime can be problematic, depending on factors such as characteristics of the material and environmental restrictions of the country in which it is produced.  It should be noted that there is production in areas without sufficient available water for ore washing.  In these instances (e.g., North Africa and Middle East) the initial step in beneficiation is dry screening, but this requires ore of suitable characteristics.  




Ore Flotation

• Froth flotation requires 
deslimed feedstock

• The first step involves 
bubbling air through an 
anionic collector such as 
fatty acid

• Fine ore is passed though 
flotation cells, PR is attracted 
to the anionic collector, and 
rises with froth

• Floating apatite is thus 
separated from silica tailings 
by overflow or paddlewheels

Fine Flotation Column Cell

Conventional Fine Flotation Circuits

Presenter
Presentation Notes
Beneficiation via froth flotation is widely employed in the phosphate industry.  Flotation is used after other beneficiation techniques such as washing and screening, since flotation requires a “deslimed” feedstock.  In the initial flotation step, air is bubbled through a liquid anionic collector such as a solution containing a fatty acid.  Ore is passed through the flotation cells where apatite attaches to the anionic collector and rises to the surface as froth is produced.  Apatite particles can then be separated by overflow or paddle wheels from impurities that settle to the bottom of the cells.  A second flotation may be used where cationic collectors float remaining silica to the surface, leaving apatite at the bottom of the cells.  




Ore Calcination

• Is used at some locations to 
remove organic matter

• Organic matter is burned by 
passing ore through furnace

• Results in higher quality 
product

• Used where energy cost, 
especially natural gas, is low

Non calcined PR, 67% BPL

Calcined PR, 72% BPL

Presenter
Presentation Notes
Calcination is practiced at some mines to remove organic contaminants in ore.  Organic matter is burned away by passing the ore through a furnace.  This results in a higher quality product and may also remove small amounts of calcium carbonate.  The process of calcination consumes energy, and is most economical where the cost of energy, especially natural gas, is low.  



Conversion of PR to Phosphoric Acid
• After beneficiation, PR is converted to phosphoric acid
• Two processes of phosphoric acid production

– Wet (chemical) process
– Electric furnace (thermal) process

• The majority of P fertilizer is produced by wet process
– Reaction of PR with acid

• The most common acid used on wet process is sulfuric 
(although others such as nitric acid are also used)

• The two major feedstocks in P fertilizer manufacturing are 
PR and elemental S

Presenter
Presentation Notes
Once the process of beneficiation is completed, PR is converted to phosphoric acid, which is an intermediate in the P fertilizer manufacturing process.  This is necessary because in most cases the apatite in PR deposits is not sufficiently soluble to serve effectively as fertilizer.  
 
Apatite can be converted to phosphoric acid by either chemical or thermal processes.  The chemical method is called the wet acid process.  Most P fertilizer comes from the wet acid process, while the thermal process is more commonly used to produce food grade P. 
 
The wet acid process involves the reaction of PR with acid.  Sulfuric acid is the most commonly used acid in this process.  Thus the two major feedstocks of P fertilizer manufacture are PR and elemental sulfur (used to produce sulfuric acid).  Manufacturing plants are generally located where receipt of these raw materials is economical.  




Wet Process Phosphoric Acid Production

Presenter
Presentation Notes
The production of phosphoric acid from the wet process involves three fundamental steps, i) reaction of PR and sulfuric acid to produce phosphoric acid and calcium sulfate (gypsum), ii) separation and washing of the acid from the sulfate, and iii) concentration of the acid.




(Cont.)

Wet Process Phosphoric Acid Production

Presenter
Presentation Notes
The acid produced in this process is ortho-phosphoric acid.  Ortho- phosphoric acid can be further dehydrated to form polymeric super phosphoric acid, which is used in the production of certain liquid P fertilizers called polyphosphates.  Disposal of the gypsum by-product produced in the wet acid process can be problematic in some areas.  



Tailing Disposal

• Two major tailings produced in P fertilizer manufacture
– Slime
– Phosphogypsum

• Slime is produced by the separation of clay and other 
“fines” from PR

• Slime may be 
– placed in settling ponds 
– disposed of in the sea
– placed in mined-out areas 

for reclamation 

Presenter
Presentation Notes
Image source:  http://www.treepower.org/soils/main.html



Tailing Disposal (Continued)

• Phosphogypsum (PG) is produced in the reaction of 
sulfuric acid with PR

• Most PG is placed in stacks near the point of production
• In some countries it is disposed of in the sea
• Only a small percentage (~15%) of PG is reused in

– agricultural applications
– cement retardant
– construction materials
– plaster board

• Where nitric acid is used 
to produce P fertilizer there
is no gypsum byproduct

Gypsum stack

Presenter
Presentation Notes

All phosphate ore contains traces of radioactive elements, and some contain metals.  The composition of phosphogypsum varies with the types of PR raw materials. Most of the radionuclides end up in the phosphogypsum, thus limiting industrial applications due to low levels of radiation. Considerable resources go into long-term maintenance and management of phosphogypsum stacks.  Some other impurities (heavy metals) may end up in the P fertilizer.  
Where P fertilizers are made from reaction of PR with nitric acid no gypsum is produced and disposal and/or storage of phosphogypsum is not an issue.  




Mine Land Reclamation

• Mineland is reclaimed after ore is removed
• Reclaimed land can be more productive than in 

the original state
• Revegetation and reestablishment of ecosystem 

and wildlife habitat are of utmost importance  in 
reclamation efforts

Presenter
Presentation Notes
Reclaiming land disturbed by mining is a major part of the mining process.  Once ore removal is complete, open pit mined areas are filled with overburden, and often are more productive than before.  Reclaimed land can be used for several purposes including farming, recreation, and housing.  




P Fertilizer Sources  ̶ Dry Granular

• Ordinary or normal superphosphate (OSP or SSP)
– Ca (H2PO4) 2  H2O
– Low analysis (0-20-0-10S)
– Simple to produce ̶ results from reaction of PR with 

sulfuric acid
– Oldest source  ̶ less popular than in the past

• Triple superphosphate (TSP)
– First high analysis P fertilizer (0-46-0)
– Results from reaction of PR with phosphoric acid
– Production has declined since the 1980s in favor of 

ammoniated phosphates

Presenter
Presentation Notes
Ordinary or normal superphosphate (monocalcium phosphate) is the simplest and oldest of the manufactured P fertilizers, and was for many years the most common.  It is relatively simple to produce and contains about 9% P (20% P2O5) and 10% sulfur.  It is made by reacting PR (or bones) with sulfuric acid to produce monocalcium phosphate and gypsum.  It has diminished in relative importance as other more concentrated P fertilizers have advanced, but it is still manufactured.  Its low analysis (0-20-0; N-P2O5-K2O) makes it relatively less favorable due to transport economics.  
Triple superphosphate (TSP), sometimes called concentrated superphosphate, became an important phosphate fertilizer in the 1950s.  It initiated the era of high analysis fertilizer and established the P fertilizer industry near the PR deposits.  It contains 44 to 48% P2O5 and has a general analysis of 0-46-0.  Its production is dependent on phosphoric acid production and the reaction of PR with phosphoric acid.  Since sulfuric acid is not directly involved in TSP production, TSP has little S compared to ordinary superphosphate.  World production of TSP peaked in the early 1980s and has declined since, being replaced with ammonium phosphate fertilizers. 




P Fertilizer Sources  ̶ Dry Granular (Cont.)

• Diammonium phosphate (DAP)
– Analysis, 18-46-0
– Produced by reacting 2 moles ammonia with 

1 mole of phosphoric acid
– Worlds major dry P fertilizer

• Monoammonium phosphate (MAP)
– Typical analysis, 11-52-0
– Produced by reacting 1 mole ammonia with 1 

mole of phosphoric acid
– Lower quality PR can be used in production 

of MAP than DAP

Presenter
Presentation Notes
Ammonium phosphates such as DAP and MAP are produced from phosphoric acid and anhydrous ammonia.  
Diammonium phosphate (DAP) results when two moles of ammonia are combined with one mole of phosphoric acid.  DAP has been the leading P fertilizer since the late 1960s, and is essentially the international standard.  The standard analysis for DAP is 18-46-0 (N-P2O5-K2O).  It is popular worldwide (along with MAP) due to its high nutrient content and good physical properties.  Most DAP production is based on a process introduced by the Tennessee Valley Authority (TVA) in 1959-60.  
Monoammonium phosphate (MAP) results when one mole of ammonia is combined with one mole of phosphoric acid.  Unlike DAP, there is no standard analysis for MAP.  Analysis can range from 10 to 12% N and 48 to 55% P2O5, but a typical analysis is 11-52-0. Impurity management in MAP production is one of the reasons for the variability in analysis.  MAP can be produced from lower quality PR compared to DAP. Thus as PR rock quality declines in some mines, the production of MAP is favored.  






P Fertilizer Sources  ̶ Fluid

• Superphosphoric acid
– Used as feedstock in the production of liquid polyphosphate 

fertilizers
– Produced by dehydration of phosphoric acid
– Contains 68 to 70% P2O5

– Consists of mix of poly (20 to 35%) and orthophosphate

Phosphoric acid

O          P        H

+
Heat

Pyrophosphoric acid,
a polyphosphate

+

Water
vapor

Presenter
Presentation Notes
The development of superphosphoric acid revolutionized the liquid phosphate fertilizer industry. Superphosphoric acid is manufactured by dehydrating phosphoric acid, and is a mixture of polyphosphoric (polyphosphate) and orthophosphoric acids.  



P Fertilizer Sources  ̶ Fluid (Cont.)

• Polyphosphates
– Consist of a variety of polymers
– Major polymer is pyrophosphate (two P molecules linked), but 

longer chained polyphosphates are also present

Ortho-
phosphate

Pyro-
phosphate Triphosphate

Tetra-
phosphate

Penta-
phosphate

Hexa-
phosphate

Presenter
Presentation Notes
The major polymer formed is pyrophosphate, but longer and more complex polymers may also be formed. 



P Fertilizer Sources  ̶ Fluid (Cont.)

• Ammonium polyphosphate (APP)
– Analysis 10-34-0 or 11-37-0
– Major liquid P source
– Mostly produced in TVA pipe reactor, 

introduced in 1972
– Produced by reaction of superphosphoric

acid, ammonia, and water
– 70 to 75% of P is polyphosphate, the 

remainder is orthophosphate
– Has good sequestering ability and storage 

characteristics

Presenter
Presentation Notes
Most ammoniated polyphosphate fertilizer is made in a pipe reactor.  The pipe reactor was developed by TVA and introduced in 1972, and has since been the cornerstone of the fluid P fertilizer industry.  In this process, wet-process superphosphoric acid containing only 20 to 30% polyphosphate can be used to make high quality liquid APP product containing 70 to 75% polyphosphate (25 to 30% orthophosphate).  The analysis of APP fertilizer is usually 10-34-0 or 11-37-0 (N-P2O5-K2O).  Due to the sequestering abilities of the polyphosphate, it has good storage characteristics and shelf-life. 



P Fertilizer Sources  ̶ Fluid (Cont.)

• Suspensions
– First introduced in the 1960s
– Consist of crystals suspended by gelled clay
– Analysis intermediate between solutions (polyphosphate) and 

granular
– Base materials commonly include anhydrous ammonia, MAP, 

water, attapulgite clay, and potash (KCl)
– Distressed products can often be used to produce suspensions
– Storage and application characteristics are poor relative to 

polyphosphates, thus they often require more management  

Presenter
Presentation Notes
Suspensions, first introduced in the 1960s, are fluid materials that contain crystals that are suspended by gelled clay. Suspensions will have analyses greater than solution products but less than solids.  Lower cost ingredients (MAP and DAP) can be used in the production of suspensions compared to liquid APP, and distressed product with poor physical characteristics can often be used.  Disadvantages of suspensions are the relatively poor storage, handling, and application characteristics as compared to solution and solid materials, and they often require more management than solution or solid materials.




Shipping and Storage

Presenter
Presentation Notes
Concentrated PR and P fertilizer materials may be transported by ocean-going vessels or over land by rail or truck.  Bulk materials may be stored in warehouses or tanks (fluid) until directly applied or blended with other materials.  Ultimately, P fertilizer materials make their way to the soil from bulk application, as is done by large farms, or from smaller, consumer-type packaging such as bags and bottles, as is done by homeowners and other small scale retail consumers.  It is worth noting that controlling dust and caking is important in dry fertilizer movement and storage.  Anti-dust and anti-caking agents are often added to granular materials for this reason.



Phosphorus Fertilizer and the Soil

• Common commercial P fertilizers are highly (≥90%) water 
soluble 

• Once dissolved in soils, orthophosphate is available for 
plant uptake

• Polyphosphates in APP must be converted to 
orthophosphate for plant uptake.  

• Conversion or hydrolysis of poly to ortho in soils happens 
readily and does not affect nutritional value

• P chemistry in soils is complex  ̶ P may become 
sparingly available to plants in some soils due to 
formation of less soluble products

Presenter
Presentation Notes
The major P fertilizers are highly soluble, mostly ≥90% water soluble.  Once dissolved, the P in orthophosphate fertilizers such as MAP and DAP is available for plant uptake, but the P in polyphosphate fertilizer must be converted (hydrolyzed) to orthophosphate before the crop can take it up.  The process of polyphosphate hydrolysis occurs readily and does not affect the value of these materials from the standpoint of plant nutrition.  Phosphorus is subject to reaction with calcium, iron, and aluminum in certain soils, and it may form sparingly soluble minerals, or reversion products, in highly alkaline and acid soils.  In these situations, P solubility and availability to plants may be compromised.  




Phosphorus Fertilizer Placement

• P fertilizer may be broadcast on the soil surface (liquid 
or dry) or it can be placed in a concentrated band

• There may be advantages to banding, including
– Early crop growth enhancement
– Concentration of P to minimize soil contact and reaction
– Placement in the root zone

Presenter
Presentation Notes
P fertilizer may be broadcast on the soil surface or it may be placed in any one of several band configurations.  There are many factors that determine what method of placement is most appropriate for a specific situation.  A few important considerations are:

Type of crop:  Some crops respond well to banded applications due to factors such as root architecture.  
Soil type: Concentration of P in a band may be desirable in soils with high capacity to render P fertilizer sparingly available, such as highly alkaline and acid soils. It may also be advantageous in soils testing very low in P.  
Temperature:  Placement of P in a band near the seed can help overcome the stresses of early season cool temperatures.  Placement of “starter” fertilizer is common in corn production and many other annual crops.   




P Fertigation

• P fertilizer is sometimes applied with irrigation water, 
although not as commonly as N

• P fertigation requires special consideration of fertilizer 
properties and water chemistry

• It can cause system plugging and fouling by reacting with
– Calcium
– Magnesium
– Ammonium
– Iron

• Successful P fertigation
requires careful planning!

Presenter
Presentation Notes
One should carefully evaluate and plan before applying P fertilizer through an irrigation system.  P fertilizer may be incompatible with some water and irrigation systems and may cause serious problems with plugging and system fouling.  Conditioners and additives are available to help alleviate incompatibility issues where fertigation may be advantageous.  



High Yielding Crops Remove 
Large Amounts of P

Crop Yield/A

Nutrient
removal,
lb P2O5/A

Yield,
mt/ha

Nutrient
removal,
kg P2O5/ha

Maize 180 bu 80 11 90
Wheat 60 bu 30 4 34
Rice 70 cwt 45 7.8 50
Cotton 3 bales 35 1.6 39
Alfalfa 8 tons 120 18 134
Potato 500 cwt 75 56 84

Nutrients removed in crop harvest, including P, must 
eventually be replaced or production will suffer



Phosphorus and the Environment

• Eutrophication ̶ the natural aging 
of lakes or streams by nutrient 
enrichment

• Nutrient additions can accelerate 
the process

• P is often the limiting element
• Dissolved oxygen is depleted by 

excessive plant growth
• Best management practices 

(BMPs) can help minimize P 
runoff from fields

C+N Added

C+N+P Added
(blue-green algae)

University of Manitoba

Presenter
Presentation Notes
Where P is mismanaged in agricultural systems it may leave the field in surface water runoff.  This may pose an environmental concern because excessive P in  surface runoff  has the potential to impair water quality by causing eutrophication (depletion of dissolved oxygen).  For this and other reasons every effort should be made to use this valuable resource as carefully as possible.  Surface loss can be minimized by the use of appropriate BMPs (best management practices).  In today’s production environment farmers and their advisers are very sensitive to these issues.  



Summary

• Phosphorus is essential for healthy 
plants and animals

• Most P fertilizer comes from reacting 
PR with sulfuric, phosphoric or nitric acid

• Many excellent granular, liquid, and suspension P 
fertilizers are available for specific needs

• Addressing the need for P fertilizer is part of a 
complete and balanced crop nutrition program

• BMPs help ensure minimal environmental impacts 
from P fertilizer
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