
POTASSIUM,

AN ESSENTIAL ELEMENT
FOR GOOD YIELDS2

One of the many 
challenges that growers
face is obtaining consistent 
high yields. Potassium is 
one of the most important 
nutrients for good yields.

Over the growing season, 
plants absorbs 

Potassium
and it then 

‘’gets removed’’ from 

the field at harvest. 

The higher the yields at 
harvest, the more the soil 
potassium levels will decrease. 
Not to mention that the 
potassium levels are very 
different from one area of the 
field to another. 

Why is this so and what can be 
done to counter this? 



The following technical bulletin answers these questions 
by explaining in detail the importance of potassium in 
soils and why it should be managed as an important 
asset of the farm business.

The involvement of potassium 
in several physiological 
mechanisms essential to 
plants, and therefore essential 
to obtain a quality yield.

The differences between the 
many types of soil and how to 
adequately supply crops with 
potassium. 

The reason why a soil’s low 
potassium levels cannot be 
fully compensated by 
potassium fertilization alone.

At the end of your reading you should better understand…

The importance of giving back to the soil the potassium losses 
due to harvest through adequate fertilization.

How to successfully boost 
and maintain the fertility of 
all soil types through 
georeferenced soil analyses 
and variable rate 
applications.



Potassium is involved in several physiological mechanisms for the proper
development and functioning of plants:

• It activates several enzymes.

• It works with the chloroplasts, by increasing photosynthesis and thus playing an important role in nitrogen 
metabolism and protein production.

• It promotes the synthesis of carbohydrates and amino acids.

• It is involved in the active transport of sugars and starch from the leaves to the storage organs, especially 
the fruit, and produces starch-rich grains.

• It increases root growth and improves drought resistance.

• It plays an important role in the regulatory mechanisms of the opening and closing of stomas, maintains 
turgescence and, reduces water loss and wilting. 

• It helps to strengthen the cell walls of plants by building cellulose, and reduces lodging.

• It increases resistance to diseases and pests.

Potassium (K) 
is the third
of the three major nutrients 
required by plants, along with 
nitrogen (N)
and phosphorus (P). 

This element is not part of the composition of the
plant’s structure but is found in solution inside plant
cells with the minor elements such as boron, zinc,
manganese, copper, and molybdenum. As such,
potassium plays many roles similar to those of minor
elements.

Potassium is necessary in order to achieve a superior quality yield

Potassium is taken up by plants in the form of K+
ions in soil water. The exchangeable potassium
value obtained from the soil analysis includes both
the potassium available to the roots in soil water as
well as the storage potassium retained on clay and
organic matter. The available potassium varies
depending on the type of soil and the potassium
levels of the soil analysis. For the same quantity of
potassium in the soil analysis, it will be more
available to roots in sand than in clay. This is called
a soil’s potassium bioavailability, which is the soil’s
ability to supply the crops with potassium on a daily
basis.

The optimal potassium level in a soil therefore
depends on the type of soil, and is higher in clay
than for sand.



To adequately provide crops 
with potassium, clay soils 
must contain a higher quantity 
of exchangeable potassium 
than sand

To ensure that the soil can provide the potassium
necessary for the daily needs of the most demanding
crop in the rotation, it is important to build it up it to
its optimum level according to the soil type and the
associated characteristics. Once the optimum level is
reached, it is also critical to maintain it.

Unlike nitrogen, the potassium needed
for profitable / high yields must come
from soil build-up. It is possible to obtain
much more yield with a soil rich in
potassium than with a soil that is poor in
potassium. The poorer the soil is in
potassium compared to its optimum, the
more it will be necessary to add
potassium as fertilizer to obtain a good
yield. On the other hand, a soil rich in
potassium from the start will result in
more yield with much less addition of
potassium through fertilizer. In a rich
soil, you may not even need to apply
potassium for a year and you will not
notice a drop in yield.



A low level of potassium in the soil cannot 
feasibly be compensated economically 
through potassium maintenance 
fertilization, even if adjusted to the 
situation. Building up the soil with 
potassium and maintaining it at its 
optimum level with variable-rate 
applications is the only solution
to obtain profitable increases in yield

The large variability of soils on a farm
makes it difficult and unprofitable to
improve soil fertility without the use of
precision agriculture. Even for soil that
appears relatively uniform, the
variability is usually significant enough
that fixed-rate lime and fertilizer
applications are ineffective.

The example above shows a 79 acre field that is relatively uniform when seen with the naked eye, however
the soil types vary from silty clay to heavy clay. The pH in the field varies from 5.2 to 7.2, with an average
of 5.8; phosphorus varies from 15 to 156 ppm with an average of 64; and potassium varies from 152 to
531 ppm with an average of 230. Imagine the variability when soil types in the same field range from
sandy loam to silty clay, an occurrence that isn’t uncommon.

In order to properly manage the potassium
component of soil fertility, it is important to
understand the difference between uptakes and
removals. Uptakes are the amount of potassium
that the plant absorbs through its roots
throughout its growth. It depends on the ability
of the soil to supply enough potassium at the
proper time. To ensure an adequate daily supply
of potassium, the soil must have enough to begin
with. The higher the potassium need of the plant,
the more potassium the soil must contain to
meet its needs.

Removals are the amount of potassium exported
from the soil by the crops. Removals are losses
of potassium from the soil. If these losses are
not compensated for by adequate fertilization,
removals will be responsible for a decrease in
exchangeable potassium in the soil. The
decrease in exchangeable potassium results in a
decrease of the potassium supply to the plant
and therefore lowers the yield potential.



The top graph on the right
shows the uptakes needed for
different crops with the yield
shown in brackets. The soil
must be able to supply
enough potassium to meet
the needs of the most
demanding crop in the
rotation to achieve the
equivalent yields.

The second graph on the right
shows the potassium
removals expressed in K2O
for the same crops and the
same yields as above. In order
not to become impoverished,
the soil must receive enough
potassium to cover the losses
of all of the crops in the
rotation in order to maintain a
good yield potential.

Spring wheat is one of the crops with the lowest needs
for potassium. If the straw is incorporated back into the
soil, it is also one of the least demanding crops for
maintaining potassium levels in the soil. On the other
hand, if the straw is removed, spring wheat becomes a
crop that is twice as demanding as grain corn and half as
demanding as hay.

A spring wheat potassium fertilization program will
therefore be very different depending on the
management of the straw. If we do not want to reduce
the exchangeable potassium in the soil and decrease the
yield potential, the application of organic or synthetic
fertilizers are necessary to give back to the soil the
potassium lost due to the removal of the straw.

Specific
to 
Spring Wheat

Source: IPNI

Source: CRAAQ



It is important to make up for potassium losses
due to crop removal through adequate fertilization

Three options of carrying out a potassium fertilization

Whichever option is used for potassium fertilization, the type of soil must be considered, because everything
depends on the potassium bioavailability. The majority of fields in Quebec and Ontario have different soil
types within a same field. For the same crop and the same yield, the needs are the same, but the capacity
of the soils to provide potassium varies according to the soil types found within the field. All potassium
fertilization, even spring crop maintenance, should take this variability into account.

A potassium fertilization plan must take into account the soil type, it’s optimum 
level of potassium and the potassium bioavailability of the soil

Performing georeferenced soil sampling and applying the associated variable-rate applications of liming
products and fertilizers is the only way to properly interpret and correct the fertility of each of the soil types
on your farm. This allows you to meet the needs of all of the crops that you have in rotation by taking full
advantage of the potential of each of the soil types according to their specific characteristics.

What is the best way to take into account the importance of the soil type and its variability when
establishing a fertilization program? Through the use of georeferenced soil sampling and variable-rate
applications.

An overall potassium fertilization program developed from 
georeferenced soil sampling allows two things to be taken into 
account:

1. Soil variability. 

2. The three application options mentioned above (maintenance 
fertilization, build-up fertilization, and fertilization to make up 
for removals). 

Depending on the soil analysis and the crop, the most common option
is to apply potassium in the spring. In this case it is the maintenance
fertilization of the crop that will provide potassium to nourish the
plant and make up for the lack of potassium in the soil, depending on
the type of soil.

The second option is to supply enough potassium in order to build-up
or maintain the potassium level in the soil. This fertilization method
should take into account the soil type and its specific characteristics.

The third option aims to return the potassium removals from the crop
harvest back to the soil. This occurs when the soil already has an
optimal soil potassium level. The goal is to maintain this optimal
level, similar to putting the money that you withdraw from a bank
account back in afterwards (If I withdraw $500, I put $500 back into
the account to maintain it).



Potassium maintenance fertilization aims to provide the plant with
the potassium necessary to obtain the best possible yield under the
circumstances. This maintenance fertilization is done in addition to
what the soil can provide according to its capacity when the
potassium level is not at the optimal level. This potassium
bioavailability depends on the quantity of exchangeable potassium
that is obtained from soil analysis. The lower the potassium level of
a soil compared to the optimum, the more the potassium
fertilization will have to be increased to obtain an acceptable yield.
Recommendation for maintenance potassium are developed
according to georeferenced soil sampling and variable-rate
applications which make it possible to apply the right amount of
potassium in each different soil type zone within a field.

Potassium build-up fertilization without the use of
georeferenced soil sampling and variable-rate applications is
comparably inefficient and expensive. A study was done
comparing georeferenced soil sampling to regular soil sampling
and the results show that with fixed-rate application, only 5 to
15% of the area receives the right amount of product. The vast
majority of the field therefore receives too much or too little of
the product. For potassium, the cost of build-up without using
variable rate applications is quite prohibitive.

When the amount of exchangeable potassium in a soil is at its
optimum, it is essential to maintain it by returning to the soil the
equivalent of a crop rotation’s removals. As explained previously,
when the potassium is at an optimal level, you can skip applying
potash for a year without any loss in yield as long as the removals
are compensated between the rotations. Potassium removals are
variable because yields in a field are not uniform and depend on
factors such as fertility, drainage, compaction, weeds, disease, etc.
With digital yield map data, it is possible to calculate the removals
of a crop harvest. This allows you to then apply the exact amount
of removals back on the field at an convenient time for you, taking
into account the weather and the availability / price of fertilizers.

1

2

3


