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Potassium Cycles through Complicated Ecosystems  
to Sustain Plant and Animal Life
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The Potassium Cycle
The production, marketing, and application of potassium (K) fertilizers are essential for maintaining global food supplies.  Potassium is a relatively abundant constituent in minerals within the Earth’s crust, ranking as the seventh most common global element.   Potash fertilizer is extracted from natural minerals, separated from other earth materials that are also present, and then applied to soil to sustain plant growth.  Although a portion of the mined potassium salt is ultimately recycled back to ocean water, thereby completing the global K cycle, efforts should be made to use this valuable resource as carefully as possible. 




Potassium Is Essential 
for Plants

• Taken up by the plant as K+

• Does not form organic compounds in the plant
• Is vital to photosynthesis and protein synthesis
• Is associated with many metabolic functions

• Essential role for regulating leaf
stomata and controlling water use
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The Role of K as an Essential Nutrient for Plant Nutrition
Potassium is one of the essential plant nutrients found in high concentrations in plants.  Potassium is assimilated through the roots as K+ and always remains in this chemical form, unlike many other plant nutrients.  It is present in the cell solution and serves as an activator of many cellular enzyme processes.  Potassium has an essential role in photosynthesis, protein formation, nitrogen (N) fixation, starch formation, and energy transport.  
 
Perhaps the most noted function of K in plants is the regulation of water relations and the proper function of leaf stomata. Potassium also plays an important role in improving the quality of harvested plant products and enhancing the plant’s natural disease and insect resistance. 




Potassium and Animal Nutrition

• Potassium is essential for many metabolic functions
• It maintains salt balance between cells and body fluids 
• Adequate K is essential for nerve function and preventing muscle cramps  
• It is routinely added to many animal feeds

Since K+ is not stored in the human body, 
dietary replacement is required on a regular basis.

Government agencies state that: 
…diets containing foods that are good sources 
of potassium and low in sodium may reduce
the risk of high blood pressure and stroke.
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The role of K in animal nutrition

Potassium is an essential mineral nutrient for animal and human nutrition. It is the primary, positively charged ion (cation) in animal cells, and plays a vital role in maintaining the proper electrolyte ratio in cells.  Adequate K can help prevent muscle contractions and cramps.  Since potassium is not stored in the human body, it is necessary to continually replace this nutrient on a regular basis.  Eating a variety of foods in a daily diet generally meets the K requirement of most people. However many people benefit from eating common foods enriched in K. 

Dietary reference: United States Food and Drug Administration (www.fda.gov)




The History of  Potash

Element symbol K comes from Latin Kalium

Allow trees to bioaccumulate K and 
boil wood ash to recover nutrients…

Wood ash boiled in pots  (pot-ash)

Not a sustainable practice
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History of Potash
The chemical symbol for potassium is “K”, derived from the Latin word ‘kalium”.  Potassium in nature only occurs as an ionic salt in the form of monovalent K+.
Fertilizer K is often called “potash”, a term that comes from an early production technique where K was leached from wood ashes and concentrated by evaporating the leachate in large iron pots. This primitive potash collection method depended on tree roots to deplete the soil of potassium, which was recovered from the wood after it was harvested and burned. Clearly, this practice is no longer practical nor environmentally sustainable. 
The use of finely ground rock minerals has also been attempted as a K source for growing plants. However, the agricultural use of ground rock has now been largely discarded, since it takes many years for most of these rocks to geologically weather and release K to the plant.  




Potassium Fertilizer Is Mined and Produced in 
Many Parts of  The World

Many other deposits are located throughout the world
(size of dot proportional to production in 2009)
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Global Potash Ore Reserves:

Potassium is produced in many parts of the world.  Over 90% of the global potassium production is directed for potash fertilizer. 

2009 production and resources of potash�
			Reserve Base
Country		Production	Million metric tons
			(K2O Equivalent)
Belarus		3.9	750
Brazil		0.5	300
Canada		6.5	4400
Chile		0.6	10
People’s Republic of China	2.8	200
Germany		2.3	71
Israel		2.0	40
Jordan		1.1	40
Russia		3.6	1800
Spain		0.4	20
Ukraine		0.01	25
United Kingdom	0.4	22
United States		0.8	90
Other Countries		50
  
World Total		25	8500


Note:  World production capacity is forecast to increase with expansion projects planned in Canada, China, Israel, Jordan, and Russia. �New mines are under development in Argentina, Canada, Congo (Brazzaville), Ethiopia, Laos, and Turkmenistan. 

(U.S. Department of the Interior.  Mineral Commodity Summary 2010.  Available at:
http://minerals/usgs.gov/minerals/pubs/commodity/potash/mcs-2010-potash.pdf

Definition note: The Reserve Base includes those resources that are currently economic (reserves), �marginally economic (marginal reserves), and some of those that are currently subeconomic (subeconomic resources).

� 


http://upload.wikimedia.org/wikipedia/commons/b/b4/A_large_blank_world_map_with_oceans_marked_in_blue.gif�


All commercial potash deposits come from marine sources:

1. Ancient seas that are now buried 
2. Salt water brines

Where Does Potash Come From?
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Geologic Sources of Potash

Underground salt deposits are the primary source of potash fertilizer.  These deposits were formed as ancient oceans evaporated, leaving behind concentrated salt layers that were subsequently buried by sediment. 



Some Common 
Potassium-Containing 
Minerals

Mineral Composition K2O content    
(approx %)

Chlorides:
Sylvinite KClNaCl 28
Sylvite KCl 63
Carnalite KClMgCl26H2O 17
Kainite 4KCl4MgSO411H2O 18

Sulfates:
Polyhalite K2SO42MgSO42CaSO42H2O 15
Langbeinite K2SO42MgSO4 22
Schoenite K2SO4MgSO44H2O 23

Nitrates:
Niter KNO3 46
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Common Potassium-Containing Minerals

Potassium chloride mixed with sodium chloride (sylvinite) is by far the dominant material obtained from actively mined deposits.  In some unique geologic deposits, langbeinite (K2SO42MgSO4) or kainite (4KCl4MgSO411H2O) are also present.  Specific processes have been developed to utilize these geological resources and convert the raw ore into valuable plant nutrients.

Photo credit: Uralkali



Potash Is Obtained By:

• Shaft mining

• Solution mining

• Evaporation of brines

Most potash deposits are too deep 
underground for surface mining

Water bodies such as 
the Dead Sea and 
the Great Salt Lake
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Modern Mining Techniques

Potash is obtained by one of three methods:
Conventional shaft mining
Solution mining
Evaporation of surface brine
 
The majority of global potash production occurs with conventional underground mining. Solution mining is more commonly used where ore deposits are irregular and deep. Each of these three methods will be discussed separately.




Potash Deposit

Example: Saskatchewan Deposits

The depth of the ore may 
limit access to the deposit

The Largest Potash
Deposits Are Deep 
Beneath the Earth’s
Surface

Potash recovery requires
complex and expensive 
mining techniques
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Many Potash Deposits Are Very Deep

The K deposits may be fairly close to the earth’s surface, or may be more than 1,000 meters deep, depending on the geologic formation.  A sample cross section of the geologic strata of the economically important Prairie Evaporite potash zone in Saskatchewan, Canada shows the depth of the K deposits and shows the potential difficulty of extracting resources from these depths.  



Conventional 
Shaft Mining

Vertical shafts drilled 
to the depth of 
potash deposit

Lifts are installed to
provide access for
equipment, workers,
and to remove ore 
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Shaft Mining

Most potash mining takes place by drilling vertical shafts deep into the earth.  The depth of the shaft will vary from a few hundred meters, to over 1,000 meters depending on the location of the ore body.   Two or more shafts are typically dug.  In Saskatchewan, one of the shafts is used for transporting miners and equipment, while a second shaft is used for hauling the ore to the surface.  Air is also forced down one shaft and exhausted up the other shaft through sophisticated air-handling systems.  




Conventional Shaft Mining

Vertical shafts drilled into the earth
Ore veins are extracted with machine mining or blast methods,
adapted to the specific geologic formation

Continuous mining machines are found in many varieties
adapted to the specific geologic formation
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Mining Techniques Depend on the Geologic Body

A variety of ore-mining equipment is used to loosen the ore from the deposits, including rotary borers and drill and blast methods.

Photo credit (on left): Uralkali  




Conventional Shaft Mining

Vertical shafts drilled into the earth
Deep horizontally-uniform ore veins 
are mined with continuous mining machines

“Drum-type” continuous mining machine
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Continuous Mining

This method is most commonly used where the potash seam is fairly thick and uniform.  A continuous boring machine can mine hundreds of tons of ore each hour.  Once the ore is removed from the mine face, it undergoes preliminary crushing and is loaded on a conveyer belt for transport to an underground storage area, prior to being hoisted to the surface.




Conventional Shaft Mining

Vertical shafts drilled into the earth
Less uniform ore veins can be mined with rotary borers

“Drum-type” mining machines 
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Drum-type Mining Machines

Two types of continuous mining machines are commonly used.  A borer miner has a fixed head and cuts flush against the face.  The drum miner, with  a rotating head that cuts sideways against the face, has lower capacity than the borer, but is better able to adjust to changing conditions and bed thickness. 




Conventional Shaft Mining

Vertical shafts drilled into the earth
Some ore veins are mined using blast methods

Adding explosive 
prior to blast Large underground chamber
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Blast Methods

One of the earliest mining techniques for extracting K was the excavation of large chambers.  This technique is still commonly used in many places.  It may involve drilling holes for explosive charges placed in the ore-containing seam, and then blasting the face of the ore body.  In some circumstances, the excess geologic material that is separated from the K ore is returned to the chamber for fill and disposal.




Mining Techniques:

Long panels Herringbone panels
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Mine-shaft Layout

Potash mining techniques involve cutting a series of rooms separated by pillars.  As in all mining techniques, this requires careful consideration of engineering and geology.  However, if pillars are too small, there is a risk of collapse. However if the pillars are excessively large, significant quantities of ore will be left behind, reducing the mine profitability.  These mines are designed to remove less than 40% of the actual ore, with the other 60% left behind to support the mine walls and prevent collapse.




Vertical shafts drilled into the earth
Ore veins are mined
Broken ore is transported to skip with a conveyor belt or shuttle car

Conventional Shaft Mining

Potash ore may be transported many kilometers ̶
from the mine face to the skip location
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Moving Ore in the Mine

The broken ore is transported by various methods, including conveyor belts and shuttle cars to the skip where it is hoisted to the surface.  Due to the wide range of ore bodies and local conditions, the equipment used for ore extraction is quite varied and customized for the specific mine.

(photo on right courtesy of Martin Mraz © 2010)



Ore Storage

Crusher

Example of underground storage and ore hoisting

Conventional Shaft Mining

Vertical shafts drilled into the earth
Ore veins are mined with rotary borers or blast methods
Broken ore is transported to skip with a conveyor belt or shuttle car
Hoists bring ore to the surface for further processing
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Bring Ore to the Surface

The ore may undergo preliminary crushing in the mine. A high capacity lift is used to bring the ore to the surface for further processing.  



Potash Deposit

Hoist System 
to Transport 
Ore to Surfaceto processing
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Hoist System to Transport Ore

The hoists are able to rapidly transport large volumes of ore to the surface.  They also serve an important role in supplying and distributing fresh air into the underground mine area.





Crushing and Grinding

Reduce the particle size to 
<2 mm prior to separating the 
potash  minerals from the clay 
and other salts
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Initial Ore Processing

After the raw ore is brought to the surface, it is crushed to a size of 1 to 4 mm.  Crushing the ore allows the K salts to be quickly separated from the sodium salts during subsequent processing.  The salts are most commonly separated with a wet technique, although dry methods are also used.




Scrubbing and Desliming (Wet Separation)

Potash ore is 
rinsed and agitated 
with a saturated 
salt solution to 
remove clay and 
impurities

Martin MrazMartin Mraz
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Processing  ̶  Removing Impurities

Most ore contains some clay and insoluble material that requires removal before further processing of the potash. The ore is first rinsed in a saturated salt solution that keeps the K and sodium salts from dissolving.  This step often involves passing the ore through a series of highly agitated tanks to remove the minute particles of clay from the coarser ore minerals. 

Some ore contains trace amounts of an iron (Fe)-containing mineral called hematite, which is not removed in this step.  The iron imparts a red color to some finished potash products. The aqueous brine is recirculated for further scrubbing and the solid ore is further processed through the flotation step.




Flotation Separation

Amine reagents coat KCl but not NaCl

Air bubbles cling to amine and float KCl to surface
while NaCl and clay sink to bottom

KCl

NaCl

`
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Flotation – Separate Potash from Other Salts

After removal of the insoluble materials, the crushed ore is treated with a series of natural chemicals that facilitate the separation of the K salts from the sodium salts. This may be done through techniques such as flotation or heavy media separation.  

With flotation, a combination of natural organic materials, which may include an aliphatic amine acetate, selectively coat the surface of the K minerals.  Air is added to the bottom of the flotation tank with fine bubbles rising to the surface.  When the coated K minerals are bathed in a frothy solution, the air bubbles attach themselves to the potassium chloride and float the crystals to the surface.  Alcohol is added to the frothing solution to stabilize the bubbles so they do not burst when they reach the surface, which would allow the K to sink again.  




Flotation

Potassium-containing 
minerals rise to the surface 
of the flotation cells and then
skimmed off
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Flotation Separation

The floating K crystals are skimmed from the surface by hydraulic and mechanical separation.   Since sodium chloride does not float, it sinks to the bottom of the tank where it is removed and discarded.



Heavy-Media Separation of  KCl from NaCl

In a solution with a density between 1.99 
and 2.16 g/cm3, KCl will float and NaCl
will sink – allowing mineral separation

Ground magnetite mineral is added
to the brine to reach 2.08 g/cm3 density.

Magnetite is recovered  with 
magnets and reused

KCl

NaCl

• Magnetite

Mineral Density (g/cm3)
KCl: 1.99 
NaCl 2.16
CaSO4 2.96
Langbeinite 2.82

•
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Mineral Density (g/cm3)
KCl: 1.99 
NaCl 2.16
CaSO4 2.96
Langbeinite 2.82

•
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Mineral Density (g/cm3)
KCl 1.99
NaCl 2.16
K.MgSO4 2.83
CaSO4 2.96
Magnetite 5.18
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Heavy-Media Separation

This technique for separating KCl from NaCl is used in place of chemical flotation.  Separation is achieved due to the differences in the specific gravity of these two salts.  A finely ground mineral (magnetite) is added to the ore-containing slurry to bring the specific gravity of the brine above 2.  At this density, the KCl mineral will float to the surface of the brine and can be skimmed off, while the NaCl will sink and be discarded.  




Final Steps: Dewatering and Sizing

A final rinse with saturated brine water and then
the finished product is dewatered, centrifuged, dried, 
and compacted to desired particle sizes

Presenter
Presentation Notes
Dewatering and Sizing

The KCl has been cleaned and separated.  It now undergoes final steps to prepare it for use as fertilizer.  The wet particles are first centrifuged (dewatered) to separate the solid particles from the flotation solution.  The KCl is next dried and screened to uniform sizes.   The most common size grades are Granular, Coarse, Standard, and Fine.  The very fine material is either compacted into larger particles or dissolved and recrystallized.  

Crystallization is used to produce white, soluble-grade potassium chloride.  This product is used in specialized situations, such as in fluid fertilizers or for use in irrigation systems. 



Compacting

Compacting  produces granular material
by compressing fine particles of hot
KCl in a roller press

The sheet of pressed flakes is 
crushed and screened to uniform sizes
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Compaction

The fine particles of KCl are heated and compacted together in a roller press (compactor) to make products that are more convenient to transport and apply to soil.  The large sheet of compressed KCl is crushed into particles that have the specifications required by the end users.

(Photos courtesy of Uralkali)



Crystallization

The process to make pure and totally soluble KCl

Hot-process: KCl is dissolved in boiling water to dissolve 
NaCl and KCl.

As the hot brine cools, salts differentially crystallize and are 
removed from solution.

Cold process: KCl solubility is lower in cold temperatures 
than Na and Mg salts, allowing crystallization and separation

Soluble grade

Granular grade
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Crystallization

Crystallization is used to produce white, soluble-grade KCl.  This product is used in specialized situations, such as in fluid fertilizers or for use in irrigation systems. Anti-caking reagents are sometimes added to final potash products to provide free flowing of the product.  Anti-dusting reagents are sometimes added to prevent dust generation during handling.

(Photo on left courtesy of Uralkali)




Electrostatic Separation (Dry Separation)

Tu
be

 e
le

ct
ro

de

Tube electrode

C
le

an
in

g 
br

us
he

s

C
leaning brushes

NaClKCl

Electrostatic generator 
provides static charge to
some minerals:

Non-conductive KCl is
separated from charged NaCl

Mixed ore
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Dry Separation

Electrostatic separation is a dry technique that uses the natural differences in electrical conductivity to separate minerals.  This is done by passing the ore through an electrostatic generator that provides static charge to some of the minerals present.   Potassium chloride is not naturally conductive and is separated from the charged NaCl as the ore passes an electrically charged drum.
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Evaporation

Submersible pumps lift the brine to 
evaporation ponds where the potash 
crystallizes and settles to the bottom

Solution Mining

Used when potash deposits are very deep, 
have irregular deposits, or have become 
flooded 

Heated salt water is injected
into the mine and circulated 
to dissolve potash minerals 
and salt from the walls
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Solution Mining

Solution mining involves pumping a heated unsaturated brine solution (containing both NaCl and KCl) through a cased borehole down to the potash bed.  The hot water circulates and dissolves the soluble K salts (such as sylvinite) from the ore layer. The brine is pumped to the surface for evaporation and controlled crystallization.  As the liquid cools, KCl precipitates first and settles to the bottom of the tank or pond.  The KCl is further processed and the NaCl remaining in solution is pumped back underground.    




Solution Mining Example

• Brine brought
to surface from
depth of 1000 m

• Evaporated
in 180 ha of vinyl-
lined solar ponds

Presenter
Presentation Notes
Solution Mining Example

Solution mining has several advantages compared to shaft mining.  It is less expensive to drill production wells than to construct mining shafts.  Solution mines are generally able to extract K from deeper beds than shaft mines.  The risk of accidental flooding is not an issue, since the K-rich beds intentionally are filled with water.  However the operating costs are influenced by the energy requirement for heating the injection water and for evaporating the K-containing brine.




Image source: Intrepid Potash, Inc. at Moab, Utah, U.S.A. 



Potash Production Also Occurs
from Natural Salt Brines
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Evaporation of Natural Brines

Using solar evaporation to concentrate salt from seawater is an ancient technique.  However, only a few naturally occurring surface water brines (such as the Dead Sea and the Great Salt Lake) contain sufficient K to make potash extraction feasible.  Specially constructed evaporation ponds are filled with brine and allowed to concentrate until salts of K, Na, and Mg are precipitated.  




Tailing Disposal

Common potash ores, such as sylvinite, contains 
up to 50% NaCl, up to 15% clay

After potash is removed, separated salt and clay are
backfilled into the mine or stockpiled into a tailing management area

Copyright © Dennis Harries 2008Copyright © Dennis Harries 2008

Tailings solidify into 
rock-like mass (mostly NaCl)

Managed to minimize 
off-site movement
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Mine Tailings  ̶  Handling and Disposal 

The chemicals and waste products commonly associated with potash mining are not persistent or environmentally hazardous.  However, the waste materials from the mining byproducts still require careful attention.  For example, in the mining of sylvinite only 30 to 40% of the ore is KCl, with 50 to 60% of the material composed of NaCl, and a few percent of clay, silt, or sand.   After the KCl is removed and concentrated, the remaining material requires disposal.  

In some locations, these by-products are returned to the subsurface mining area.  In other locations, the by-products are piled and stored above-ground.

The waste material may be piled in a “tails management area” where the salt material hardens into a rock-like mass.  Considerable work goes into maintaining the pile and minimizing the movement of solid material and aqueous brine from the area.



Tailings photo from: http://www.mindat.org/photo-203049.html Copyright © Dennis Harries 2008



Storage
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Warehouse Storage

Potassium fertilizer is stored in large warehouses near the mine or near major transportation hubs until orders are placed for purchase.

(Photo credits: upper left: © Martin Mraz; lower right: Uralkali; right: PCS




Shipping Potash Fertilizers
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Shipping and Transportation

The finished products primarily move by train to the end users or to ocean ports for global transit.  Many companies purchase their own railroad hopper cars used exclusively for transporting potash.   Unit trains, consisting of more than 100 rail cars, can be seen moving potash to major seaports.  At the port, potash is transferred to large ocean freighters for transportation to areas where it is needed.  Bagging and packaging usually occur near the end user.  




2009 Global Potash Use, %
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Global Potash Consumption

An adequate supply of potash is required for crop growth and is a vital component of food production in every part of the world.  Depending on factors such as the crop being grown, the soil reserve of nutrients, and environmental conditions, the local need for potash fertilization can vary considerably. (Source: IFA, Fertecon, and PCS).
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Example of Global Potash Distribution

Potash fertilizers are an important global commodity. They are transported across the world to regions where they are needed to maintain the soil supply of this essential plant nutrient.




Potassium Chloride 
(Muriate of Potash; MOP)

• KCl
• Grade: 60 to 63% K2O; 46%Cl

• Primarily mined as sylvinite ore 
containing KCl and NaCl

• Milling and a floatation agent 
used to separate salts

• Many colors and sizes available

• Traces of iron oxide give some 
particles a reddish tint
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Potassium chloride is by far the most common potash fertilizer source and often the least expensive.  It is frequently referred to as muriate of potash (MOP) and contains between 60 to 63% K2O.  




Potassium Sulfate 
(Sulfate of Potash; SOP)

• K2SO4

• Grade: 48 to 53% K2O
17 to 18% S

• Rarely found in pure form in nature 
• Generally produced by manipulating

potash ores to remove other materials

• Valued when both K and S are needed 
for plant nutrition
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Potassium sulfate (also called sulfate of potash or SOP) contains between 50 to 53% K2O.  This product provides a valuable source of plant-essential S with the potash. Potassium sulfate constitutes less than 10% of the world’s potash consumption. It is frequently made by reacting KCl with a sulfate source, such as sulfuric acid or magnesium sulfate.  Other operations extract potassium sulfate from the evaporation of salt water brines.  For example, in Chile, the mined schoenite (K2SO4·MgSO4·6H2O) from brine water is reacted with KCl to produce potassium sulfate. Other operations separate magnesium sulfate from schoenite with hot water.




Potassium Magnesium Sulfate 
(Langbeinite)

• K2SO42MgSO4

• Grade: 20 to 22% K2O
21 to 22% S
10 to 11% Mg

• Distinct geologic material found in 
only a few places in the world

• Generally produced by manipulating 
potash ores to remove other 
materials

• Valued when both K, S, and Mg are 
needed for plant nutrition
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Potassium-magnesium sulfate typically contains 20 to 22% K2O, 11% magnesium, and 22% sulfur.  Langbeinite ore is processed similarly to sylvinite, where it is mined, crushed, washed, and separated by flotation.  This water-soluble fertilizer is a valuable source of three essential plant nutrients.




Potassium Nitrate
(Nitrate of Potash; NOP)

• KNO3

• Grade: 44% K2O
13% N

• Made by reacting KCl with 
nitrate salts or nitric acid

• Valued when both K and N 
are needed for plant 
nutrition

Presenter
Presentation Notes
Potassium nitrate contains 44% K2O and 13% N.  It is commonly produced by reacting KCl with a nitrate source.  Depending on the objectives and available resources, the nitrate may come from sodium nitrate, nitric acid, or ammonium nitrate.  Potassium nitrate is sold as a water-soluble crystalline material for dissolving, or in a prilled form for soil application.




• Small quantities of specialty potash 
fertilizers are made for unique crop 
or soil conditions, such as:

• Potassium phosphate (KH2PO4)
• Potassium carbonate (K2CO3)
• Potassium hydroxide (KOH)
• Potassium thiosulfate (K2S2O3)

All are manufactured from basic 
potash materials

Other Potassium Fertilizers

Potassium
thiosulfatePotassium

thiosulfate
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Small quantities of other potassium fertilizers are manufactured for unique agricultural situations.  These include products such as potassium phosphate (K2HPO4; from 31 to 34% K2O), potassium carbonate (K2CO3; 67% K2O), and potassium hydroxide (KOH; 80% K2O).  Potassium thiosulfate (K2S2O3; 25% K2O), also known as KTS, is a liquid source of potash. 




Environmental Concerns
with Potash

• Potash fertilizer has no significant impacts on water or air quality

• Adequate potash is required for plants to use other essential
nutrients. Healthy crop growth and efficient nutrient recovery
results from balanced nutrition

• Potash applications should be guided by soil 
and plant tissue testing where possible

• Mine tailings require management to avoid off-site
movement of salt and water

Presenter
Presentation Notes
There are no significant environmental concerns related to agricultural uses of potash.  Potassium does not cause water quality or air quality problems.  Whenever possible, potash applications should be determined by a balanced approach to plant nutrition, guided by soil and tissue testing in a laboratory.

(Photos courtesy Dan Dunham)




KNO3

K2SO4

K2SO4 
2MgSO4

KCl

KH2PO4

K2S2O3

K+ + Cl-

2K+ + SO4
2-

K+ + NO3
-

K+ + H2PO4
-

2K+ + S2O3
2-

2K+ + 2Mg2+

+ 3SO4
2-

Potash Fertilizers All Supply the Same 
Nutrient in the Soil
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All Potassium is the Same in Soil

The K supplied by all potash fertilizers is chemically identical in the soil.  The cation K+ is the form taken up by plant roots.  The major difference between potash fertilizers is the anion and other nutrients that accompany the K.  Different potash sources will also vary in their physical and chemical properties.  However, the K is the same for all potash sources.



High Yielding Crops Remove
Large Amounts of K

Crop Yield/A

Nutrient
removal,
lb K2O/A

Yield,
mt/ha

Nutrient
removal,
kg K2O/ha

Cotton 3 bales 55 1.6 62

Rice 70 cwt 25 7.8 28

Alfalfa 8 tons 390 18 437

Maize 180 bu 45 11 50

Wheat 60 bu 20 4 22

Potato 500 cwt 275 56 310

Potassium is essential for many metabolic
functions that directly impact crop yield and quality



Potash Applications to Soil

Potash is often spread across a field
or applied in concentrated bands
beneath the soil surface 

Many application techniques are used

Potash fertilizer has limited mobility
in most soils

It is retained by soil colloids on 
cation exchange sites 
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Soil Application

Applications of potash are made with a variety of methods, ranging from simple hand-strewn application, to satellite-guided and computer-controlled applicators.  Potash is most commonly applied to the soil surface and incorporated during tillage operations, but it may also be applied near the seed at planting or in a subsurface concentrated band.  Potash applications can be made using dry materials or as a fluid fertilizer.  They are also added to irrigation water or applied in sprays to the plant foliage.




Potash Application 
through Irrigation Systems

Most K fertilizers are very water soluble and many are suitable for use in 
irrigation systems

Presenter
Presentation Notes
Water Application

A variety of potash fertilizers can be added with irrigation water.  The speed of dissolving the material into solution is often an important consideration.  White KCl is often used, as well as KNO3 and K2SO4.  Potassium carbonate is used in cases where additional alkalinity is desired.  Potassium thiosulfate is a clear liquid that is well suited for application through irrigation systems.  Any material added to an irrigation system should be tested for compatibility with the specific water to avoid precipitation or clogging problems.




Foliar Application

Many studies have demonstrated 
benefits from foliar application to plants 
to alleviate stress

Foliar K applications are supplemental 
to the major supply of nutrients through the roots

Applications of K can alleviate mid-season
deficiencies or supplement the soil supply during 
periods of peak demand by the plant

Presenter
Presentation Notes
Foliar Application

Fertilizers such as K2SO4 and KNO3 are commonly used as foliar sprays to correct mid-season crop deficiencies or to supplement the soil supply of K during periods of peak demand.  It is not practical to meet the entire plant requirement for K through foliar sprays.




Additional information on
plant nutrient production 
and management are 
available from the IPNI website:

www.ipni.net



International Plant Nutrition Institute
3500 Parkway Lane, Suite 550
Norcross, Georgia 30092
USA

www.ipni.net
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