
Chapter 2
Inputs: Potassium Sources for Agricultural
Systems

Robert L. Mikkelsen and Terry L. Roberts

Abstract In the potassium (K) cycle, inputs encompass all K sources that move into
a given volume of soil. These inputs may include atmospheric deposition, irrigation
water, runoff, erosion, as well as seeds, cuttings, and transplants. Accounting for all
inputs is seldom routinely done on the farm. Many K inputs have variable concen-
trations, making estimations difficult. Estimates for added K are provided in some
planning documents and can be used where testing of on-farm inputs is not feasible,
although testing is preferred. Standard commercial fertilizers have known concen-
trations of K and are concentrated enough to be economical to transport long
distances. The global reserves for their production have an estimated lifetime of
thousands of years. This chapter emphasizes considerations for using various com-
mercial fertilizer sources.

2.1 Overview of Potassium Inputs

Potassium (K) inputs as a group is the total quantity of K, originating outside a
given volume of soil, that moves into that volume (Fig. 2.1). Inputs include K in
atmospheric deposition; irrigation water; K transported to the soil volume via runoff
and erosion from other areas; K in seeds, cuttings, transplants, or residues; organic
fertilizer applications; and commercial fertilizer additions. This pool is the sum of all
these inputs. Inputs may occur directly to the soil or, as is the case with foliar
fertilizer applications, directly to the plant.

For making improvements in K recommendations, this chapter emphasizes inor-
ganic and organic fertilizer inputs. Of all the inputs, these are the ones that farmers
have the greatest control over. This chapter defines organic inputs as K sources
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derived from animal wastes (manure and biosolids) and plant residues. This defini-
tion is used to clarify that these inputs do not refer to K sources approved for the
production of agricultural products labeled as “organic.” Although the emphasis in
this chapter is primarily on inorganic sources, we briefly mention other inputs.

2.2 Atmospheric Deposition

Atmospheric deposition is the quantity of K transferred from the atmosphere to a
given area of land (adapted from National Agricultural Library 2019a). Atmospheric
deposition is the sum of wet deposition and dry deposition. Wet deposition is the
quantity of K transferred from the atmosphere to a given area of land by rain, fog, or
snow (adapted from National Agricultural Library 2019b). Dry deposition is the

Fig. 2.1 The K cycle involves inputs, outputs, and transformations that occur in agricultural soils.
Potassium biogeochemistry includes complex chemical, physical, geological, and biological pro-
cesses within natural or managed ecosystems. This level of complexity has too often been
overlooked for K. This figure outlines the major K pools and fluxes occurring within the rootzone
during an annual cropping season. It is not comprehensive of all possible inputs, outputs, and
transformations that can occur
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quantity of K in atmospheric particles transferred to a given area of land (adapted
from American Meteorological Society 2012). Dry deposition is the K in the
deposited particles, while wet deposition is the K dissolved in precipitation. For
both sources, K deposited on both soil and foliage are considered.

It is well documented that atmospheric transport takes place at very large scales
(e.g., from Africa to South America; Prospero et al. 2014). However only a few
studies have mapped K deposition at these large scales. In a study conducted in
Northern China across ten sites and 3 years, Pan and Wang (2015) measured both
wet and dry deposition of K. The average atmospheric deposition, the sum of wet
and dry, ranged from 11 to 25 kg K ha�1 year�1 across sites. At all but two sites,
average dry deposition was several times greater than wet deposition, indicating that
substantially more K was added in particles than in precipitation. Fluxes varied by
time of year. The largest fluxes of dry deposition occurred in the spring, which the
authors attributed to long-range transport of dust from deserts and loess deposits by
16 dust storms over the 3-year study period. The largest fluxes of wet deposition
occurred in summer, which was the rainy season. Deposition also varied spatially,
with the greatest atmospheric deposition in industrial areas and the smallest in
agricultural areas.

Deposition of K across the contiguous 48 states of the United States was
evaluated by Mikhailova et al. (2019) based on data from the US Atmospheric
Deposition Program. Total inputs, the sum of both wet and dry deposition, ranged
from 0 to 2.5 kg ha�1 year�1 and varied markedly across states.

In power plants, the K composition of particulates in ash depends on the source of
fuel. Ruscio et al. (2016) compared three sources of biomass fuel (olive residue,
maize residue, and torrefied pine sawdust) to three sources of coal (bituminous,
sub-bituminous, and lignite). In both coarse (560–1000 nm) and fine (100–180 nm)
submicron particles of ash, the K concentrations in maize and olive waste were over
30%, several times higher than in any other fuel source. Ashes from coal sources
were all less than 7% K across both particle size ranges. In the future, power plants
relying solely on biomass feedstocks or power plants that cofire coal and biomass
will have greater quantities of K in ash than traditional coal-only power plants. The
high K content of ash from crop residues (e.g., 6% K in rice (Oryza sativa L.) straw
ash; Hung et al. 2020) suggests that in areas where residues are burned in fields as a
management practice, some K will be lost from fields and redeposited elsewhere in
the environment, including nearby fields.

2.3 Irrigation Water

The quantity of K input by irrigation water is determined by the K concentration in
the water source, the quantity of water used, the quantity of sediment transported
with the water, and the K content in the sediment. For example, Hoa et al. (2006)
examined K inputs into flooded rice fields in the Mekong Delta of Vietnam and
found, on average, K input by irrigation water was 14–18 kg K ha�1 year�1.

2 Inputs: Potassium Sources for Agricultural Systems 49



They also found that large amounts of K were added by the sediment in the water.
The total quantity of K added ranged from 320 to 1892 kg K ha�1 year�1, but only
3–10 kg ha�1 year�1 was plant available, based on commonly used interpretations of
the soil test used in the study. Over time, a portion of the remaining K in the sediment
was expected to become available for plant uptake, based on transformations in the
soil and the mechanisms used by plants to access K in various soil pools. The
considerations of this study extend more generally to K input by runoff and erosion.

The waterborne K input can be rather large in some irrigated fields. For example,
a common water source used for irrigating cotton (Gossypium hirsutum L.) in
California contains ~0.3 mmol K L�1. During the growing season, adding
7.5 ML ha�1 of irrigation water supplies approximately 90 kg K ha�1 year�1 to
the soil.

2.4 Runoff and Erosion

The loss of K with soil materials leaving agricultural fields is covered extensively in
Chap. 3. Soil materials are most commonly transported by wind, by flowing water,
and through slow hillside creep. These transport processes are complex and are the
subject of detailed investigations (Williams 2012). However, these erosional mate-
rials are subsequently deposited again in another part of the landscape.

Particle deposition may be transitory, or it may persist for geologic periods (such
as chalk and apatite). The eroded materials are deposited off-site from their source,
too often resulting in clogged drainage ways, silted reservoirs, and a destruction of
aquatic habitat. The loss of eroded soil directly leads to soil degradation through
nutrient depletion and removal of valuable soil organic matter.

How much of the eroded material is carried back to the sea or is stored in river
terraces, flood plans, or reservoirs is site specific. Sediments stored in reservoirs
show an accumulation in nitrogen (N), phosphorus (P), and K that corresponds to
watershed fertilizer application rates (Junakova and Balintova 2012).

The distribution of nutrients in reservoir sediments is not uniform, as the K-rich
materials associated with the fine particles tend to settle more slowly than the larger-
sized eroded material. Sediments can supply significant amounts of bioavailable K
when it is dredged and added back to agricultural land (e.g., Woodard 1999;
Darmody and Ruiz 2017).

2.5 Seeds, Cuttings, Transplants, and Residues

Very small amounts of K are added to the field during planting operations. Seeds and
seedlings contain K in quantities that are commonly overlooked while calculating
nutrient budgets. The mineral content of agronomic seeds will vary somewhat [e.g.,
maize seed can contain ~3 mg K g�1, while tomato seeds contain 5 mg K g�1 (Liptay
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and Arevalo 2000)]. As an example, a typical maize field planted with 60,000 seeds
ha�1 will add approximately 25 g K in the process. This seed-borne K provides
nutrition during the germination process and the initial growth of the embryo. Once
the seedling begins growing, the K demand from the soil quickly increases.

When seedlings are used for transplanting, a small amount of K is brought to the
field. Using tomatoes as an example, transplanting 2000–3000 plants ha�1 will add
between 600 and 900 g K to the field (Liptay and Arevalo 2000). When vineyards
and orchards are established, small amounts of K will also be moved to the site in the
woody tissue of the planting material.

Crop residues that remain in the field do not contribute to the K balance of the
field, but when residues are imported from other fields or farms, they can contribute
significant amounts of additional K. These residue inputs are discussed later.

2.6 Organic Fertilizer

The use of approved nutrient sources for organic crop production is governed by a
variety of oversight organizations. Unfortunately, each of these organizations main-
tains somewhat different standards and allows different materials to be used in their
organic production systems because they individually interpret the intent of organic
agricultural principles. As a result, a grower seeking advice on permissible K
materials should first know where the agricultural produce will be sold in order to
meet the requirements of that market.

In general, regulations for mined K sources specify that they must not be
processed, purified, or altered from their original form. However, there is disagree-
ment among different certifying bodies over what specific materials can be used.
Unfortunately, some of these restrictions on certain nutrient materials do not have
solid scientific justification, and their inclusion or exclusion on various lists should
not be viewed as one material being more or less “safe” than another fertilizer
material (Mikkelsen 2007). Certain wastes (e.g., ash materials) and unprocessed
minerals (e.g., glauconite) may also be permitted for organic crop production in
certain conditions.

In the mixed livestock/crop systems, the nutrition of the animals generally takes
first priority, and the residual manure is returned to surrounding cropland. In these
cases, K imported to the farm in feed and bedding frequently exceeds the output in
milk and meat products, sometimes leading to an accumulation of K in the sur-
rounding fields that receive manure. Large losses of K often occur on these farms
during manure storage and composting. Because excreted K is mostly expelled as
urine, if this fraction is not effectively recovered in confined animal operations, most
of the K will not be returned to the field with the solid portion of the manure.

The nutrient value of K in animal manures is generally equivalent to soluble K
fertilizers. Since K is not a structural component of plant or animal cells and remains
soluble in animal manure and urine, there is no true “organic” K.
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The chemical composition of manures should be determined through laboratory
analysis in order to apply material at rates that avoid either excessive or insufficient
application of K to the field. Solid manures frequently contain between 5 and 25 kg
K2O Mg�1, while liquid pit manures typically contain 1–4 kg K2O 1000 L�1

(Table 2.1). Lagoon liquids have an even lower K concentration. When repeated
applications of animal manures are used as a primary source of N for plant nutrition
(such as on organic farms), the accumulation of excessive concentrations of K and P
in the soil is common (Mikkelsen 2000a; Arienzo et al. 2009). Potassium concen-
tration can change from load to load and also throughout the year (O’Dell et al.
1995). Agitation of manure pits prior to loading can reduce variability because it
creates a more uniform distribution of manure solids (Duo et al. 2001).

In addition to recoverable manure, there can be significant amounts of K returned
directly to the soil via animal urination and defecation. For example, at the localized
site of grazing dairy cattle urination, effective application rates can reach
1000 kg K ha�1 in this small patch (Williams et al. 1990).

Nutrient concentrations in manure are generally low enough that it is uneconom-
ical to transport manure long distances. Therefore, manure use is primarily local,
often restricted to a single farm or nearby farms. There are also many cases where
manure has not been distributed across an entire farm but instead spread only on
fields nearest where animals were kept (Mikkelsen 2000b). Often overlooked,
animal manure has additional benefits beyond just its mineral nutrient content and
can aid in building and remediating soil (Mikha et al. 2017).

Table 2.1 Approximate dry matter and K2O content of selected animal manures. (IPNI 2012)

Dry matter K2O content

Livestock type Waste handling system % kg t�1

Solid handling systems

Swine Without bedding
With bedding

18
18

4
3.5

Beef cattle Without bedding
With bedding

15
50

5
13

Dairy cattle Without bedding
With bedding

18
21

5
5

Poultry Without litter
With litter
Deep pit (compost)

45
75
76

5
17
22.5

Liquid handling systems

Swine Liquid pit
Oxidation ditch
Lagoon

4
2.5
1

9.5
9.5
0.2

Beef cattle Liquid pit
Oxidation ditch

11
3

17
14.5

Dairy cattle Lagoon
Liquid pit

1
8

2.5
14.5

Poultry Lagoon
Liquid pit

1
13

2.5
48
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Evidence from long-term experiments show that combinations of inorganic and
organic nutrients often achieve higher crop yields, improve soil quality and fertility,
increase nutrient use efficiency, and lead to more sustainable nutrient management
systems than either source alone (Miao et al. 2011). For example, Zhang et al. (2009)
reported on a 15-year maize (Zea mays L.)—wheat (Triticum aestivum L.) rotational
study in China where significant yield responses to N occurred for the first few years,
but adding both N and P together increased yields fivefold, although yields
decreased subsequently. Applying K along with N and P further increased yields
in some years, but high yields were only sustained when farmyard manure was
added with the N, P, and K (Fig. 2.2). The addition of farmyard manure prevented
yields from declining over time and helped maintain the fertility and buffering
capacity of the soil.

2.7 Commercial Fertilizer

Commercial fertilizer is the K input farmers can manage with the greatest accuracy
and precision. In countries where the compositions of fertilizers are regulated,
minimum concentrations of K are guaranteed by the fertilizer manufacturer and do
not vary from the stated label. Inaccuracies in applying the correct amount arise from
problems with distributing the products properly over the field, rather than from the
composition of the products themselves. However, fertilizer composition integrity is
not always assured in some parts of the world, and adulterated products find their
way to the marketplace. Modern K fertilizers are manufactured with sufficiently high

Wheat             Corn

6,000

5,000

4,000

3,000

2,000

1,000

0
N N
P

N
K

P
K

N
P

K

C
on

tro
l

C
ro

p 
yi

el
d 

(k
g 

ha
-1

)

N
PK

+F
YM

Fig. 2.2 Average wheat and corn yields for a 15-year study in Hunan, China, receiving combina-
tions of N, P, K, and farmyard manure. (adapted from Zhang et al. 2009)
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nutrient concentrations that they are economical to transport long distances, allowing
them to be affordably shipped anywhere in the world where logistics permit.

Of all the sources enumerated above, regulated commercial fertilizers are the only
inputs farmers do not need to test to know the K concentrations. The need to test
other inputs prior to application means that an accurate accounting of all K inputs is
rarely performed routinely on the farm. Where testing is feasible and economical,
many farmers do test manure and irrigation water, especially if incentives or
regulations are in place. Where testing is not practical, published estimates are
used, but their inaccuracies for local conditions must be acknowledged.

2.7.1 Resources and Reserves

Potassium minerals and salts mined for use as fertilizers are generally referred to as
potash, a term dating back to the nineteenth century when K used for fertilizer came
from “potashes.” Potash is a general term encompassing many different individual K
fertilizers. Among these sources are potassium chloride (KCl), also called muriate of
potash (MOP); potassium sulfate (K2SO4), also called sulfate of potash (SOP);
potassium magnesium sulfate (K2SO4�MgSO4), sometimes referred to as sulfate of
potash magnesia (MgSOP or SOPM); potassium nitrate (KNO3), also called nitrate
of potash (NOP) or saltpeter; and mixed sodium-potassium nitrate (NaNO3 + KNO3),
also called Chilean saltpeter. The K concentration of commercial fertilizers is
reported either on an oxide basis (K2O) or on an elemental basis (K). For a given
concentration of elemental K, the reported oxide concentration is 1.2 times that of
the reported elemental concentration: K2O ¼ 1.2 � K.

Potassium is the seventh most abundant element in the Earth’s crust (Fountain
and Christensen 1989) but is never found in its elemental form in nature because it is
highly reactive unless chemically bound to other elements. Feldspars, micas, and
other silicate minerals contain significant amounts of K, but they are not currently
commercial sources of potash.

Global potash resources most commonly occur as large, deeply buried deposits
associated with marine evaporite sequences and, less commonly, with non-marine
evaporites generally formed in arid climates (Sheldrick 1985; IFDC and UNIDO
1998). Sylvite, the mineral form of potassium chloride, is the most abundant mineral
in commercial deposits (Table 2.2). Sylvinite, a physical mixture of sylvite and halite
(NaCl), is the most common K-bearing ore. The second most common ore is
carnallitite, a mixture of primarily carnallite (KCl�MgCl2�6H2O) and other salts.
Other less common ores include kainite (KCl�MgSO4�3H2O), langbeinite
(K2SO4�2MgSO4), polyhalite (K2SO4�MgSO4�2CaSO4�2H2O), and hartsalz, a phys-
ical mixture of sylvite, halite, kieserite, and/or anhydrite. Potassium nitrate (niter) is
a unique ore, with deposits occurring only in the Atacama Desert of northern Chile.

The world has abundant potash resources. There are approximately 980 deposits
on five continents (Orris et al. 2014). The US Bureau of Mines and the US
Geological Survey (1980) define a resource as a concentration of naturally
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occurring solid, liquid, or gaseous material in or on the Earth’s crust in such a form
and amount that economic extraction of a commodity from the concentration is
currently or potentially feasible. Feasibility depends on factors such as product
prices, capital costs, and current and potential mining and processing technologies.
The reserve base is that part of an identified resource that meets specified minimum
physical and chemical criteria related to current mining and production practices,
including those for grade, quality, thickness, and depth. A reserve is that part of the
reserve base which could be economically extracted or produced at the time of
determination. The quantity of reserves depends on factors such as expected product
prices, capital costs, and current mining and processing technologies. Global potash
reserves are estimated to be 250 billion metric tonnes (USGS 2020). That is
sufficient potash for thousands of years, even if fertilizer production was to double.

The global K fertilizer industry is relatively mature and stable. However, there are
many commercial endeavors underway to further develop geologic K resources
around the world. In Africa, for example, the Danakil region of Ethiopia and Eritrea
is being developed to be a major K producer. Resources in the Khemisset region of
northern Morocco and the Sintoukola region in the west of the Republic of the
Congo are under development as K fertilizer sources. Additionally, geologic accu-
mulations of K in Western Australia and the Western United States are being
developed as new K sources. The deep mine in North Yorkshire, UK, is also
expected to bring new supplies of K to the commercial fertilizer market.

The percent minable K2O ore reserves and resources vary widely in potash
deposits. Mining costs depend on the depth to the ore, thickness, and uniformity
of the potash bed, strength, and uniformity of the overlying strata, flooding risks, and
other factors. Even so, potash mining and refining is a much simpler process than is

Table 2.2 Names, chemical formulas, and K concentrations of some common K-bearing minerals
used in production of potash fertilizers

Mineral Chemical name Chemical formula
Weight %
K2O

Carnallite Potassium magnesium
chloride

KCl�MgCl2�6H2O 17

Carnallitite
(ore)

Mixture of carnallite, halite,
and others

KCl�MgCl2�6H2O, NaCl,
MgSO4�H2O, CaSO4

Variable

Hartsalz
(ore)

Mixture of sylvite, halite, and
kieserite

KCl, NaCl, MgSO4�H2O, CaSO4 Variable

Kainite Potassium magnesium sulfate
chloride

KCl�MgSO4�3H2O 19

Langbeinite Potassium magnesium sulfate K2SO4�2MgSO4 23

Niter Potassium nitrate KNO3 46

Polyhalite Potassium magnesium cal-
cium sulfate

K2SO4�MgSO4�2CaSO4�2H2O 16

Schoenite Potassium magnesium sulfate K2SO4�MgSO4�6H2O 23

Sylvinite
(ore)

Mixture of sylvite and halite KCl, NaCl Variable

Sylvite Potassium chloride KCl 63

2 Inputs: Potassium Sources for Agricultural Systems 55



required for the manufacture of nitrogen and phosphorus fertilizers (Rahm 2017).
Unlike the Haber-Bosh process for ammonia synthesis or wet process phosphoric
acid production, potash processing does not involve complicated chemical reactions;
the K is most commonly separated from the other compounds in the ore by flotation
and selective crystallization.

Buried potash deposits can range from a few hundred to more than 3000 m deep
and are obtained by conventional shaft mining using continuous mining machines
that cut into the face of the deposit. Flexible conveyors are attached to the mining
machines that convey the ore to the shaft for transport to the surface for processing.
Most underground mines utilize room and pillar mining techniques to maintain
structural integrity. Solution mining is used for deeper deposits. Hot water is first
pumped into the deposit through bore holes to dissolve the ore, and then brine is
injected to selectively dissolve KCl, which is withdrawn through another nearby
well. Solution mining is energy intensive but is better suited to extremely deep
deposits and to some ores such as carnallitite. For K-rich surface brines, potash is
obtained by solar evaporation in shallow ponds and selective separation of the salts.
A floating dredge or other heavy equipment is used to harvest the pond minerals.
Underground deposits account for about 75% of global output: 70% from shaft
mining operations and 5% from solution mining (Rahm 2017).

Although there are approximately 980 deposits of potash distributed around the
world, potash is mined in less than 20 countries (Table 2.3). Russia, Canada,
Belarus, and China account for three-quarters of world production. Since 2000,
global production has increased at a compound annual growth rate of about 3.1%:
from 24.5 Mt. K2O in 2000 to 41.0 Mt in 2019 (Fig. 2.3). Erratic production has
followed volatile prices. Potash prices spiked to record highs in 2008 which
decreased demand and production the following year during the global recession
and financial crisis.

Table 2.3 Estimated global K2O reserves and 2019 mine production. All values are in thousands
of metric tonnes of K2O (kt K2O). (USGS 2020)

Reserves
% of total
reserves

Mine production
(2019)

% of total
production

Country kt K2O % kt K2O %

Canada 1,000,000 28 13,300 32

Belarus 750,000 21 7000 17

Russia 600,000 17 6800 17

China 350,000 10 5510 13

Germany 150,000 4 3000 7

Israel Large (~5) 2000 5

Jordan Large (~5) 1500 3

Chile 100,000 3 950 2

Spain 68,000 2 600 1

Brazil 24,000 1 200 1

World total
(rounded)

>3,600,000 41,000
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2.7.2 Materials and Use

Over 95% of global potash fertilizer production originates with MOP obtained from
sylvinite, carnallitite, or hartsalz (Fig. 2.4). In 2015, approximately 74% of the KCl
produced was used directly for plant nutrition. Of the remaining 26%, about 2% was
reacted with nitric acid or nitrate salts to produce NOP, 5% was reacted with sulfuric
acid to produce SOP, and 19% was incorporated into various N and P sources to
produce N-P-K or P-K complex/compound fertilizers. The next largest quantity of
fertilizer produced was primary SOP originating from kainite, hartsalz, or polyhalite,
comprising about 4% of 2015 global fertilizer production. The remaining 1% of
production was SOPM originating from langbeinite. Polyhalite is expected to
become more common as new mines open. About 10% of global K production
was used for industrial purposes or as an ingredient in animal feed. The remainder
was used for crop nutrition.

The plant K nutritional value is identical for all K sources; however, their
properties and solubility vary considerably (Table 2.4). All common commercial
K fertilizers are sufficiently soluble to provide adequate K to plants growing in moist
soil. Differences in water solubility become important when solid K sources are
dissolved for use in foliar sprays or fluid fertilizers. When solid K fertilizers are used
for these purposes, both the solubility and the time required for dissolution need to
be considered when making a suitable liquid fertilizer. There are additional restric-
tions to consider when selecting a K source for organic crop production (Mikkelsen
2007).

Fig. 2.3 Global potash mine production between 2000 and 2019. (Jasinksi 2020)
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Table 2.4 Selected properties of common K fertilizers

K content Solubility

Fertilizer name Chemical formula
Weight %
K2O

g L�1 at 20�

C

MOP KCl 60–63 344

SOP K2SO4 50 111

NOP KNO3 45 316

Potassium thiosulfate (KTS) K2S2O3 25 Fluid

Langbeinite (SOPM) K2SO4�2MgSO4 21 240

Polyhalite K2SO4�MgSO4�2CaSO4�2H2O 13 12–18
(25 �C)

Potassium hydroxide KOH 83 1120

Potassium phosphate KH2PO4 34 226

Potassium chloride and
kieserite

KCl�MgSO4�H2O 40

0.7 2.1

7.2

28.6

Secondary products

Primary products

Mineral ores

Other inputs

MOP: potassium chloride
NOP: potassium nitrate
NPK: nitrogen-phosphorus-potassium products
PK: phosphorus-potassium products
SOP: potassium sulfate
SOPM: potassium magnesium sulfate

Numbers are Mt K2O

Langbeinite
Sylvinite

Carnallitite
Hartsalz

Kainite
Hartsalz

Polyhalite

Nitric acid
Sodium nitrate

Ammonium nitrate
Sulfuric

acid

Various 
N and P
sources

MOP
38.6

Primary SOP
1.6

Secondary SOP
2.1

SOPM
0.3

NOP
0.7

MOP
28.6

NPK/PK
7.2

SOP
3.7

Polyhalite
0.0

Fig. 2.4 The process for making final products of common K fertilizers, beginning with the mined
ores; quantities are for 2015. (adapted from Rahm 2017)
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2.7.2.1 Potassium Chloride (MOP)

Potassium chloride is by far the most widely used K fertilizer for crop nutrition due
to its relatively low cost and highest percentage of K2O, 60–63% (Table 2.4). This
high concentration means handling, storage, transport, and application costs are
lower for KCl than for other sources. Most KCl fertilizer is produced by separating
sylvinite ore into sylvite (KCl) and halite (NaCl), based on either their differing
specific gravities or differing solubilities. The resulting purified sylvite-based fertil-
izer may have a reddish color arising from trace concentrations of iron oxide that are
naturally occurring in the ore. Most of the MOP produced is used directly as a
fertilizer; however, MOP can also be used to formulate other K fertilizer products
(Fig. 2.4).

Potassium chloride is often spread onto the soil surface prior to tillage and
planting or applied in a concentrated band near the seed or plant. Since all K
fertilizers will increase the soluble salt concentration in the soil as they dissolve,
banded KCl is typically placed to the side of the seed to avoid potential osmotic
damage during germination. White-colored KCl is sometimes a more purified grade
that can be solubilized as a component of fluid fertilizers and foliar sprays or for
application through irrigation systems. Potassium chloride, as are most K fertilizers,
is available in several particle sizes (from coarse to fine) to match the intended
purpose.

2.7.2.2 Potassium Sulfate (SOP)

Potassium sulfate can be produced in three ways. Primary SOP originates from
decomposition of ores containing sulfate (Fig. 2.4). As an example, water is added to
kainite, producing schoenite as an intermediate product (for the chemical formulas,
see Table 2.2). Potassium chloride is then added to the schoenite to produce K2SO4.
A second method is to evaporate naturally occurring brines to crystallize K2SO4.
Third, the Mannheim process reacts KCl with sulfuric acid, producing K2SO4, as
indicated in Fig. 2.4. Potassium sulfate is available in either a crystalline form or as
granules that are generally preferred for blending and uniform spreading. The K2O
content is approximately 50% (Table 2.4). In 2015, the primary production of K2SO4

accounted for about 9% of global K fertilizers.
Potassium sulfate provides both K and sulfur (S) in forms that are readily soluble

and available to plants (SOPIB 2015). There may be certain soils and crops where K
is needed but the addition of chloride (Cl�) should be avoided. In these situations,
K2SO4 makes a very useful K fertilizer source. Potassium sulfate is only one-third as
soluble as KCl, so it is not as commonly used for application through irrigation water
unless there is a need for additional S. Foliar sprays of K2SO4 are a convenient way
to apply additional K and S to plants, supplementing the nutrients taken up from the
soil by plant roots. Fine particles are used for making solutions for fertigation or
foliar sprays since the small particles dissolve more rapidly. Due to the extra costs
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associated with producing K2SO4, the price is generally greater than KCl per unit
of K.

Atmospheric deposition of S reduces the need for S fertilization. Most deposition
originates from coal and petroleum combustion (Smith et al. 2011). In China, S
deposition has been increasing (Smith et al. 2011), and bulk deposition in southeast
China has been as high as 71 kg ha�1 year�1 (Liu et al. (2016). In contrast, since the
Clean Air Act was enacted in the United States, S deposition in that country has been
declining (Smith et al. 2011), with areas that historically had the highest quantities of
deposition now receiving only 15 kg S ha�1 year�1 (Zhang et al. 2018). Because
these changes occur over decades they can go unnoticed, leading to unknowingly
outdated fertilizer recommendations for S. The use of SOP can help alleviate
this increasing extent of S deficiency.

2.7.2.3 Potassium Nitrate (NOP)

There are several ways to produce potassium nitrate (Fig. 2.4). In two of them, KCl is
mixed with nitrate salts, either sodium nitrate or ammonium nitrate. It is also
commonly manufactured by the reaction of KCl with nitric acid. A relatively small
amount of KNO3 is produced from natural caliche deposits from the Chilean desert.
Potassium nitrate has a K content of about 45% (Table 2.4).

The agronomic use of KNO3 is often desirable in conditions where a highly
soluble, chloride-free source of both K and N is needed. Potassium nitrate contains a
relatively high proportion of K, with a N:K ratio of approximately 1:3 by weight.
Applications of KNO3 are typically made to the soil as prills, dissolved in a solution
sprayed on plant foliage, or dissolved and applied through fertigation. Its use is most
common for fertilizing high-value specialty crops, including fruits, vegetables, and
tobacco (Nicotiana tabacum L.).

2.7.2.4 Potassium Thiosulfate (KTS)

Potassium thiosulfate is a clear fluid fertilizer. It is produced by reacting potassium
hydroxide with aqueous ammonia, sulfur dioxide, and elemental S. It is used for
direct soil application, in irrigation water, or as a foliar fertilizer. The thiosulfate
portion of the molecule (S2O3

2�) oxidizes in soil to form sulfate (SO4
2�) during an

acid-forming process (Goos and Johnson 2001). The thiosulfate molecule has been
shown to delay nitrification (Cai et al. 2018) and to sequester metals, particularly
iron (Nayak and Dash 2006).

2.7.2.5 Langbeinite (SOPM)

Langbeinite (Table 2.2) has K, magnesium (Mg), and S all contained within a single
geologic mineral. Its composition provides a uniform distribution of these nutrients
when applied to the soil. The major source of langbeinite is from deposits in the
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Southwest United States. Langbeinite is totally water soluble, but is slower to
dissolve than some other common K fertilizers because of the higher particle density
(2.8 g cm�3 compared with 2 g cm�3 for sylvite). This slower dissolution is an
advantage in purification, as simple washing removes other impurities, leaving the
less-soluble langbeinite (Harley and Atwood 1947). SOPM is frequently used where
a low Cl� source of K is desirable for crop nutrition or where additional Mg may be
desired in the farming system, such as on acid soils or on soils where forage is
produced for dairies. Langbeinite is a nutrient-rich fertilizer with a relatively low
overall salt index. It is available in either a crystalline or granulated form. Lang-
beinite accounts for less than 1% of global production of primary K fertilizer.

2.7.2.6 Polyhalite

This soluble geologic mineral contains four essential plant nutrients: K, Mg, S, and
calcium (Ca) (Table 2.2). The exact chemical formula will vary depending on its
geologic origins. Polyhalite is frequently used in situations where a K fertilizer with
a low Cl concentration is desirable. The lower K concentration in polyhalite (~13%
K2O) relative to other K fertilizer sources can in cases be compensated by the value
of the additional Ca, Mg, and S in each particle (Yermiyahu et al. 2017). The lower
solubility may also cause polyhalite to perform as a slightly slow-release source of
nutrients, depending on the particle size (Barbier et al. 2017). Commercial supplies
of polyhalite come from deep deposits in the Yorkshire region of the United
Kingdom and in New Mexico, USA. In practice, both polyhalite and langbeinite
are often blended with other less expensive K sources to obtain the desired blend of
nutrients.

2.7.2.7 Potassium Hydroxide (KOH)

Potassium hydroxide (KOH) is a strongly alkaline liquid. It is commonly used as a
component of fluid fertilizers. It has a low salt index, is free of Cl�, and contains
83% K2O (Table 2.4). It is commonly used to neutralize excess acidity in liquid
fertilizer blends, irrigation water, and soil. Extreme safety measures must be used
when handling this caustic material. Its use as a K source is generally limited to
situations where the strongly alkaline properties are desired rather than its inherent K
concentration.

2.7.2.8 Potassium Phosphate

Potassium phosphate (KH2PO4) is produced from the reaction of KCl with phos-
phoric acid (Fig. 2.4). It contains 34% K2O (Table 2.4). This highly soluble product
is commonly used in fertigation and for foliar applications where a source of both P
and K is desired without additional N.
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2.7.2.9 Mineral/Silicate K

Many geologic minerals contain abundant K, but their solubility is generally too low
for agronomic use (Table 2.5). For example, potassium feldspar may contain almost
17% K2O, but the dissolution is 20 million times slower than nepheline, a less
abundant K-bearing mineral with 15% K2O (Palandri and Kharaka 2004). The rate
of K dissolution is key to its value as a source of plant nutrition (Manning 2018).

Considerable research has been conducted on developing various K-bearing
minerals as fertilizers by utilizing a range of techniques to accelerate their dissolution
through chemical or biological processes. The costs of transporting relatively low K
concentration minerals often restricts their use to agricultural fields close to where
they are mined.

The idea of using high K-content silicate rocks for fertilizer has been explored for
many years (Ciceri et al. 2015), but most of the proposed techniques require
significant energy or chemical inputs to accomplish a partial or complete dissolution
of the rock. Based on dissolution rates of mineral K sources, rocks containing
nepheline (including nepheline syenites, phonolites, and trachytes) may have the
most commercial potential as agricultural potash sources (Manning 2010). Recent
activity has focused on using K-rich feldspar as a nutrient source by milling, pH
adjustment, and heating to accelerate natural weathering processes (Ciceri et al.
2016).

Glauconite (greensand) is a relatively insoluble silicate-based marine sediment
(5–8% K2O) that has been used with limited success as a rock-based K source that
dissolves over multiple years. Similarly, a variety of K-rich micas and feldspars have
been evaluated for direct soil application as a K source with limited commercial
success due to their low solubility. A fine particle size (“rock dust”) is required to
allow dissolution at a rate that might provide a nutritional benefit for plants.

Table 2.5 Chemical composition and solubility in pure water for common K-bearing minerals.
(adapted from Palandri and Kharaka 2004; Manning 2010)

Mineral Composition Relative

Mineral Family Formula
%
K

%
K2O

a Solubility

K feldspar Feldspar KAlSi3O8 14 16 Very low

Leucite Feldspathoid KAlSi2O6 17 21 Medium

Nepheline Feldspathoid (K, Na)AlSiO4 13 15 Medium

Muscovite Mica KAl3Si3O10(OH)2 9 10 Very low

Biotite Mica K2Fe6Si6Al2O20(OH)4 7 9 Low

Phlogopite Mica K2Mg6Si6Al2O20(OH)4 9 11 Low

Glauconite Mica (K, Na) (Mg, Fe2+) (Fe3+, Al) (Si,
Al)4O10(OH)2

1–4 1–6 Medium

aAll values rounded down to the nearest whole number
Other sources were used to verify, but not cited; there are several ways to express the formulas for
each mineral, etc.
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Interest in biological additives to solubilize K from insoluble minerals has grown.
Addition of various bacteria and fungi have been evaluated as a means for acceler-
ating dissolution of K-bearing minerals or chelating silicon ions to enhance K
solubility (Meena et al. 2016). Many of these chemical and biological approaches
of facilitating K release from relatively insoluble minerals have attracted consider-
able attention, especially in regions where the cost of soluble K fertilizers poses a
barrier to use.

The long-term impacts of using native minerals as sources of K for plant growth
are not yet known. As an example, the release of K from the interlayers of micas can
result in the formation of vermiculites in very short time periods (Hinsinger et al.
1992). Vermiculites have a high selectivity for K (Evangelou and Lumbanraja
2002), resulting in a significant portion of applied K ending up in interlayer positions
where it is unavailable to plants, reducing its apparent recovery efficiency (REK). To
overcome the reduction in REK, larger quantities of K fertilizer must be applied to
achieve the same quantity of plant-available K (Chap. 1; Cassman et al. 1989).
Future investigations will need to consider how the removal of K from minerals
impacts the effectiveness of future K fertilizer applications.

2.7.2.10 Other Potassium Sources

Other K-containing materials have long been used as plant nutrients. Seaweed kelp
(2–4%K2O) has a long history as a K fertilizer. Wood ash (2–9% K2O) has also been
traditionally applied to supply additional K to crops. The alkaline nature of wood ash
(containing CaCO3 or CaO) needs to be considered if ash is added to soil at high
application rates or repeatedly over long periods. The nature of the fuel and the
combustion conditions will influence the K bioavailability in the ash. Biochar is
typically applied to soils for agronomic and environmental benefits. Biederman and
Harpole (2013) conducted a meta-analysis of 114 published manuscripts and found
that biochar application significantly increased plant K concentration as well as soil
test K levels.

A variety of harvested crop materials are returned to the field after processing
(such as pomace and bagasse) to recycle organic material and nutrients, including
K. If crop residues are allowed to remain in the field after harvest or are returned to
the soil after processing, they quickly release any remaining cellular K, where it is
recycled into the soil with rain and becomes available for uptake by succeeding
crops.

Many wastewaters and food processing residuals contain K. Applications of large
quantities of K-containing waste should consider the potential effects on soil min-
eralogy, soil cation ratios, soil physical properties (Oster et al. 2016), potential K
leaching losses, and the overall nutrition of crops growing on the site (Arienzo et al.
2009).
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2.7.3 Forms of Potassium Fertilizer

Commercial fertilizer comes in many forms. These include bulk blends of individual
solid fertilizer products, complex granules, and fluids.

2.7.3.1 Bulk Blends

Most K fertilizer is mechanically blended with other solid fertilizers to make a mix of
desired nutrients. This approach of blending separate components not only has the
advantage of allowing various single materials to be selected based primarily on the
cost of the separate components, but also achieves specific physical, nutritional, and
chemical properties desired by the farmer. Freight costs associated with transporting
individual solid fertilizers are usually less than transporting a variety of bagged
materials or fluid fertilizers. A degree of flexibility is available to adjust the precise
nutrient composition of the fertilizer blend according to specific crop and soil
conditions.

When separate fertilizer materials are blended together, care needs to be taken to
match the size of the raw materials to minimize separation (segregation) during
transportation and field application. Proper blending of solid fertilizer materials takes
experience and understanding of the individual components to be successful. This
also involves selecting appropriate granular, crystalline, or prilled fertilizer materials
with the proper particle size. The critical relative humidity needs to be considered as
the fertilizer will absorb atmospheric moisture which will affect the storage life of
blends. The critical relative humidity for common K fertilizers is relatively high,
making them less susceptible to caking and clumping than many other solid fertilizer
materials.

2.7.3.2 Complex (Compound) Granules

Potassium is commonly used in many complex fertilizers that are mixed with N, P,
and other plant nutrients all within a single granule. There are a variety of processes
for making these homogeneous fertilizers, but they have the advantage that they will
not segregate during transport or application, and every granule delivers the same
quantity and ratio of nutrients. This can be particularly important when very low
rates of nutrients, for instance, micronutrients, need to be applied uniformly across
the field or in a band. The K portion of the granules is most commonly derived from
KCl, which readily dissolves in the soil and quickly becomes available for plant
uptake.
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2.7.3.3 Fluid Fertilizers

Solution fertilizers are preferred by some farmers. They are relatively easy to blend,
are homogeneous, and can be applied in a variety of ways. When fertigating, fluid
fertilizers provide a convenient way to introduce nutrients directly into the irrigation
water for delivery to crops. Solid K fertilizers can also be dissolved to create fluids
and then subsequently used in similar ways.

2.7.4 Potassium for Fertigation

Nutrients added to a pressurized irrigation system should be fully dissolved before
adding them into the water stream. Although most common K fertilizers are rela-
tively soluble, users should be aware of the differences between materials. The
presence of impurities, fertilizer coatings, and conditioners can cause problems
with plugging of the irrigation system, so these materials must be removed by a
filter or avoided by using high-purity fertilizer products. The most common sources
for fertigation are KCl, K2SO4, KNO3, K2S2O3, and KH2PO4. The selection of a
particular K source is generally based on price, solubility, and the accompanying
anion.

Choosing a specific K fertilizer for fertigation should account for potential
chemical reactions between mixed fertilizers and the quality of the irrigation
water. For example, the precipitation of calcium or phosphate salts in the irrigation
lines can be minimized by selecting appropriate K fertilizer sources. Potassium itself
is not generally a problem during fertigation, but the potential reactions of the
accompanying anions need to be considered to avoid plugging the irrigation system.

2.7.5 Salt Index

Any soluble fertilizer will act as a salt when dissolved, thereby increasing the
osmotic potential of the soil solution. The concept of “salt index”was first developed
to predict the safety of a fertilizer placed in the proximity to a seedling (Rader et al.
1943). As various protocols have been developed to measure the safety of fertilizers
placed near seeds and roots, it has been shown that other factors such as the crop and
soil type, soil temperature and moisture, and fertilizer application rate have an
equally or more important impact on potential seedling damage than the salinity
developed while the fertilizer dissolves (Mortvedt 2001).

The original method for measuring salt index (Rader et al. 1943) was modified by
Jackson (1958) and then again by Murray and Clapp (2004). Unfortunately, the
different methods give inconsistent rankings in their prediction of potential salt
damage. Additionally, the ranking of salt index reported for K fertilizers also varies
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in commonly used reference books. The use of salt index values does not predict the
amount of fertilizer that will cause plant damage, but instead is most useful for
providing a relative ranking of materials. In cases such as fertigation and foliar
applications of K, the dilution of nutrients in relatively large quantities of water
makes the salt index values less applicable. For example, Jifon and Lester (2009)
used six K sources (KCl, KNO3, KH2PO4, K2SO4, K2S2O3, and a glycine amino-
acid complexed K) as a foliar spray on musk melon (Cucumis melo L.) and found no
differences in plant damage from any source or concentrations, with the solution
buffered between pH 6.5 and 7.7.

The salt index of fertilizer is usually greatest for soluble N and K sources,
indicating that it is usually best to avoid placement of large quantities close to the
newly planted seed. A decision tool has been developed to help calculate the
maximum amount of fertilizer that can be safely placed near seeds (SDSU and
IPNI 2019). There is frequently little advantage for plant growth derived from
placing fertilizer K very near the seed (unlike N and P) compared to the bulk soil.
Damage to emerging seeds and seedlings from furrow-placed fertilizer can be
minimized by avoiding high application rates of K.

2.7.6 Chloride Considerations

As mentioned previously, the selection of a particular source of K fertilizer is
sometimes based on whether it contains Cl. There is a wide range of Cl sensitivity
among plant species and cultivars. As a broad classification, many woody plant
species, vegetables, and beans are more susceptible to Cl toxicity, whereas many
non-woody crops tolerate higher concentrations of Cl� in the root zone (Maas 1986).

There is a large body of literature related to the effects of Cl� on crop perfor-
mance (Xu et al. 2000). Chloride is an essential plant nutrient, and it is routinely
added in some environments to enhance plant growth and disease resistance (Chen
et al. 2010). However, excessively high Cl� concentrations are linked to decreased
crop growth and quality due to osmotic effects and specific ion toxicity.

To illustrate the difficulty in generalizing chloride’s effects, we highlight some of
the research on potatoes (Solanum tuberosum L.). Potatoes are an important crop that
are rated as moderately sensitive to root zone salinity (Maas 1986). The effect of K
fertilizer source on potato growth and quality has likely received more attention than
any other crop. Potatoes accumulate large amounts of K during the growing season
(>600 kg K ha�1 year�1; Horneck and Rosen 2008) and frequently receive K
fertilizer to sustain high yields. There are reports of an undesirable reduction in
specific gravity (% dry matter) in potatoes receiving various K fertilizers. Some
researchers have observed no differences in potato specific gravity when comparing
various K fertilizer sources, while others have measured a decrease in specific
gravity when using KCl compared with K2SO4 (e.g., Davenport and Bentley
2001). This reduction in specific gravity may not be directly due to the presence of
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Cl� but to greater K uptake from KCl and a higher salt index. These factors may
cause the tubers to absorb more water than when fertilized with another K source.

Other research shows that the total K application rate has a greater impact on
reducing specific gravity of tubers than the individual K fertilizer source (Westerman
et al. 1994). Additionally, when KCl is split into multiple applications, or if KCl is
applied in the autumn (with adequate winter rain) for a spring-planted potato crop,
any negative impact on specific gravity is eliminated. Factors such as the climate and
the potato variety can also influence the effect of K fertilization on potato specific
gravity (Hütsch et al. 2018). These many interacting factors illustrate the difficulty in
generalizing about selecting the proper K source for all conditions.

Differences in crop tolerance to Cl� clearly exist. Although general osmotic
damage can occur to germinating seeds and growing plants, there are also specific
ion effects that can harm plants. For example, Tinker et al. (1977) reported that KCl
fertilizer caused more damage to germinating seedlings than KNO3, although the
damage varied widely among the five plant species tested. They also reported that
the fertilizer concentration, soil water content, and temperature also impacted the
degree of seedling damage. Differences in the ability of species and cultivars to
tolerate Cl� stress are often related to the ability to restrict Cl uptake to the plant
shoot (White and Broadley 2001).

The sensitivity of crops to salinity will change during the growing season, with
young and newly developing seedlings generally most susceptible to salt damage.
Once established, most crops become increasingly tolerant to salinity. In general
practice, when application rates of KCl are not excessive or KCl is blended with
another K source, no plant damage from excessive Cl� is usually observed. In many
situations, the amount of Cl added to a field as KCl is often small compared with the
total amount of Cl already present in the soil and added as irrigation water. If KCl is
applied in a localized band or zone in the soil, the initial soluble Cl concentration will
spike and then decrease as Cl moves from the band into the surrounding soil by
diffusion and mass flow.

2.7.7 Foliar Potassium Nutrition

Most crops have a relatively high demand for K throughout the growing season. If K
uptake from the soil does not meet the plant demand, then growth, yield, and quality
will suffer (Mikkelsen 2017). In the case where K uptake is insufficient, spraying an
aqueous K-containing solution directly onto the plant foliage often overcomes this
deficiency.

Applications of K-containing sprays directly onto the foliage of annual and
perennial crops are common. Fernandez et al. have made several insightful reviews
on this topic (Fernández and Brown 2013; Fernández et al. 2013). This practice is
frequently done on high-value vegetables (e.g., Gunadi 2009; Jifon and Lester 2009;
Salim et al. 2014) and perennial crops (e.g., Ben Yahmed and Ben Mimoun 2019;
Shen et al. 2016; Solhjoo et al. 2017).
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A foliar application of K during the growing season has been shown to improve
crop yield and quality in many situations. Some plants have a high physiological K
demand during specific stages of their growth cycle. For example, cotton
(Gossypium hirsutum L.) is routinely sprayed with a foliar K solution in order to
boost lint yield and quality during the late stage of crop development (Oosterhuis
et al. 2014).

Crops frequently benefit from foliar K sprays if the soil-supplying capacity is too
low (e.g., lack of proper fertilization) or if soil conditions do not permit uptake of
soluble K by the roots (e.g., cold temperature, drought, water logging, nematodes,
etc.). In these circumstances, a relatively small amount of K applied directly to the
foliage can make a significant improvement to crop health and growth.

Foliar fertilization is common when tissue testing or observation of visual
symptoms identifies an emerging K deficiency. Prompt correction of the K defi-
ciency can halt additional damage, since foliar-applied K is rapidly taken up through
the leaves and quickly utilized in the plant (Fageria et al. 2009). Application of the
dilute K fertilizer solution can be done using a variety of spray equipment (such as an
airblast-type sprayer) to deliver K onto crop leaves to supplement the soil supply.
Potential benefits achieved from an intervention with a foliar spray need to be
weighed against the financial costs of the field operation. Foliar K applications
often occur while other chemicals are being sprayed on the plants to minimize the
number of trips through the field.

Although foliar K sprays are beneficial in many situations, the majority of plant K
is acquired and taken up by the roots. A foliar K fertilization program should be
viewed as a supplement to maintaining an adequate concentration of soluble K in the
soil. For example, Gordon and Niederholzer (2019) explain that a typical application
to almond foliage of 27 kg KNO3 ha

�1 (~10 kg K ha�1) in 1000 L will likely result
in an increased leaf K concentration. However, this single application will only
provide about 3% of the total crop K requirement (assuming a spray application
efficiency of 75%). Clearly this relatively small amount of K added through foliar
fertilization is merely a supplement to the soil supply, even when multiple applica-
tions are made through the growing season.

Repeated applications of foliar K solutions with a high concentration of fertil-
izer salt often leads to leaf damage (“salt burn”). Therefore, advice should be sought
before beginning a foliar fertilization program in order to identify the appropriate
4R-based practices (Right Source, Right Rate, Right Time, and Right Place) suited
to a specific crop and agro-environment.

Although KCl is the most common K fertilizer applied to soil, it has a high salt
index (osmotic potential) and point of deliquescence (POD; crystallization) that may
limit its use in foliar sprays. There are several excellent K fertilizer sources that are
used for foliar nutrition. The most common of these are K2SO4, KNO3, KH2PO4,
and organic-based formulations.
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2.8 Summary

Accounting for all K inputs is difficult to do accurately. Most inputs, except
commercial fertilizers, have variable K contents that are not routinely measured on
the farm. Testing those inputs for their content is preferred, but standardized values
can be used as a substitute. The emphasis of this chapter has been on commercial
fertilizers. These inputs are produced from K-bearing minerals found around the
world. Reserves have an expected lifetime of thousands of years. When a need for
additional K for plant growth has been identified, there are many sources of fertilizer
that can be used to meet nutritional requirements. The selection of a specific potash
fertilizer source largely depends on the nutrients that accompany the K, the fertil-
izer’s availability in the market, and its price. As new technology is introduced, the
importance of less-soluble K-bearing minerals as a plant nutrient source may
increase, especially in regions of the world where soluble K fertilizers are not
accessible or are too expensive for farmers. There are many factors to consider in
selecting the most appropriate K source. Whatever source is selected, the soluble K+

is the same for nutrition of the plant. It is essential that an adequate concentration of
plant-available K is maintained in the rootzone to produce abundant and high-quality
crops.
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