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Abstract: Potassium is an essential element for plant growth and is an extremely dynamic ion in plant and soil system.  As an
ion, potassium is highly mobile in the plant system but only moderately mobile in the soil system. Just like humans require
a balanced diet with appropriate amounts of carbohydrates, proteins, vitamins, minerals, fats and water, plants too require
conditions of balanced nutrition.  There is a pre-determined ratio of nutrients that is required by the plant system, depending
on its life cycle, environment and its genotypic characteristics, to realize its maximum genetic potential.  This ratio of elements
is more critical than the actual concentration of the individual elements.  Nutrient balancing in micronutrients is an important
and yet more difficult than balancing between macronutrients. Synergistic and Antagonistic relationships between nutrients
are responsible for efficient/inefficient uptake and utilization of potassium. This paper discusses the interrelationships
between plant nutrients with a special reference to potassium and macronutrients like nitrogen and phosphorus, potassium
and secondary nutrients like calcium, magnesium and sodium and finally potassium and micronutrients.  The goal of this paper
is to elucidate the complicated and still less understood relationships between essential nutrients so as to bridge the gap
between potential yields and actual yields.
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Understanding potassium

Potassium (K+) is an essential element for plant growth and
is an extremely dynamic ion in the soil system.  Many plant
physiologists consider potassium second only to nitrogen in
importance for plant physiology. Potassium is second to nitrogen
in plant tissue levels with ranges of 1 to 3% by weight. As an
ion, potassium is highly mobile in the plant system but, only
moderately mobile in the soil system.  Along with other elements
like chlorine, sodium and lithium, potassium is called a non-
constitutive element as it does not form components /
compounds in the plant system.  Its essentiality is proven in its
multiple roles in assisting and facilitating plant processes.

It mainly functions like a conveyer of electrical charge in the
plant cell and acts as catalysts for many of the enzymatic
processes in the plant that are necessary for plant processes. It
has been documented that potassium acts like a ‘spark-plug’ for
the activation of over 60 enzymes in the plant system.  Potassium
is a key nutrient in the plants tolerance to stresses such as high
/ low temperatures, drought, disease and pest occurrences. It
has a critical role to play in osmo-regulation- regulation of water
use in plants.  Osmo-regulation maintains high cell turgor
pressure which affects cell elongation for growth and most
importantly regulates the opening and closing of the stomates
which affect transpirational cooling and carbon dioxide uptake
for photosynthesis. Potassium is a mono-atomic ion that enters
the plant in an atomic form without passing through the microbial
cycle.  It is a borrowed element from the soil and must be returned
to the soil at the end of the plant cycle. This paper discusses the
interrelationships between essential plant nutrients with a special
reference to potassium.

Understanding potassium levels in soils

Most soils contain in the neighborhood of 20 T of potassium/
acre in the top 7 inches (plow layer).   This potassium is normally
in the unavailable form as this ion along with the other alkali and
alkaline earth metals are only moderately mobile in the soil. The
challenge in crop production is to measure the concentration of

“readily available” potassium and to relate this measurement to
the amount of potash fertilizer that must be supplied to achieve
optimum crop yield.  Soils that are rich in vermiculite and micas
can have large amounts of non-exchangeable potassium,
whereas soils containing kaolinite, quartz and other siliceous
minerals contain less available and exchangeable potassium.

Smectite, chlorite, illite, kaolinite, polygorskite and
vermiculite are some of the main clay minerals presented in arid
and semiarid soils. It is important to note that soils may have a
large reserve of non-exchangeable potassium but, this
potassium cannot be used by the current crop.

Understanding inter-relationships between nutrient elements

Just like humans require a balanced diet with appropriate
amounts of carbohydrates, proteins, vitamins, minerals, fats and
water, plants too require conditions of balanced plant nutrition.
Nutrient balancing in micronutrients is as important and yet
more difficult than balancing between macronutrients. There is
a pre-determined ratio of nutrients that is required by the plant
system, depending on its life cycle, environment and its
genotypic characteristics to realize its maximum genetic
potential.  This ratio of elements is more critical than the actual
concentration of the individual elements.

There are basically two kinds of interactions between
nutrients. SYNERGISM is a positive effect between nutrients
and ANTAGONISM is a negative effect between nutrients.  Two
or more elements working together to create an overall improved
physiological state in the plant is called physiological synergism
while, excess of one nutrient reducing the uptake of another
nutrient is called physiological antagonism.  These interactions
depend on soil type, physical properties, pH, ambient
temperatures and proportion of participating nutrients.  There
is a highly controlled selectivity process involved in uptake of
nutrients by plants and that is the reason why the plant does
not contain the same ratio of nutrients inside the plant as found
in the soil.  For example, alkaline soils normally contain higher
calcium levels than potassium but, when a plant growing in this
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field is analyzed, it contains higher potassium level than calcium.
Synergism and antagonism between two mineral nutrients
become even more important when the contents of both elements
are near deficiency range.

Synergism

Many soil scientists, plant physiologists and plant bio-
chemists have tried to clarify the much complicated relationships
between nutrients. Some of these relationships are straight
forward but, most are not.  A few examples from agricultural
laboratory research and field based experiments have shown us
that an:

· Optimum supply of nitrogen ensures optimum uptake of
potassium as well as phosphorus, magnesium, iron, manganese
and zinc from the soils.

· Optimal levels of copper and boron improve nitrogen uptake
by plant.

· Optimal levels of molybdenum improve utilization of
nitrogen as well as increases uptake of phosphorus.

· Optimal levels of calcium and zinc improve uptake of
phosphorus and potassium.

· Optimal levels of sulphur increases the uptake of manganese
and zinc.

· Optimal levels of manganese increases uptake of copper.

Antagonism

· Excessive amounts of nitrogen reduce the uptake of
phosphorus, potassium, iron and almost all secondary and
micronutrients like calcium and magnesium iron, manganese,
zinc and copper.

· Excessive amounts of phosphorus reduces uptake of
cationic micronutrients like iron, manganese, zinc and copper.

· Excessive amounts of potassium reduce uptake of
magnesium to a greater extent and calcium to a lesser extent.

· Excessive amounts of calcium reduces uptake of iron.
· Excessive Iron reduces zinc uptake.
· Excessive zinc reduces manganese uptake.
 The examples above show that the interrelationships

between nutrients in the plant system are quite complicated and
interdependent.  More research will need to be done on the
molecular levels to elucidate the actual relationships if possible.

Potassium interrelationships with macronutrients

The interaction between nitrogen and potassium is
historically well documented by experiments started in 1852 at
Rothamsted Station.  There is a strong interaction between these
two nutrients in crop growth. It was observed that the crop
response to applied nitrogen fertilizers decreases when the
exchangeable potassium content of a soil is below the optimal
level.  The “reading” of the genetic code in plant cells to produce
proteins and enzymes would be impossible without adequate
potassium.  Although, nitrogen is fundamental in production of
proteins, plants deficient in potassium will not produce proteins
despite an abundance of available nitrogen.  Instead, incomplete
protein such as amino acids, amides and nitrate accumulate in
the cell. This is because; the enzyme nitrate reductase which
catalyzes the formation of proteins is activated by potassium.

Similarly, the enzyme responsible for synthesis of starch,
starch synthetase, is also activated by potassium.  Under
inadequate potassium levels, the level of starch declines, while
soluble carbohydrates and nitrogen-based compounds
accumulate. Lower amounts of starch means less amounts of it
moving from source to sink and hence, poor quality of end-
product.   In addition, leaves that harbor excessive amounts of
soluble carbohydrates turn soft and fleshy and are often perfect
candidates for a pest/fungus attack.    Practical implication of
this interaction is that there is little point in applying large
amounts of nitrogen when, there is too little exchangeable
potassium in the soil because the nitrogen is used inefficiently
and represents a financial cost to the grower.  Sucking pest
attack also seems to be an after effect of imbalance between
nitrogen and potassium.

Potassium also plays a major role in the transport of water
and nutrients throughout the plant in the xylem. Maintaining
the water content of the vacuole requires a sufficient
concentration of salts in the water to sustain the osmotic
concentration and potassium is the salt most plants seem to
prefer to do this.

When potassium supply is reduced, translocation of nitrates,
phosphates, calcium magnesium and amino acids is depressed.
As with phloem transport systems, the role of potassium in
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xylem transport is often in conjunction with specific enzymes
and plant growth hormones. An ample supply of potassium is
essential to efficient operation of these systems.  Optimal levels
of zinc and copper increase uptake of phosphorus.  Zinc is a
component of dehydrogenases, proteinase and peptidase
enzyme.  It promotes growth hormones and starch formation
and promotes seed maturation.  Copper also has very important
roles to play in plant biochemistry.   It is a component of lactose
and other oxidase enzymes.  It also has a role to play in
phosynthesis and protein and carbohydrate metabolism.  Plants
that have excessive amounts of phosphorus and potassium often
produce “bitter” fruit/end product.

Potassium interrelationships with secondary nutrients

Agronomists and plant nutritionists have long been aware
of the greatest competition that occurs between ions with similar
size, valency and ion charge.  Calcium, magnesium and potassium
ions are quite similar in size and charge and hence, exchange
sites cannot distinguish the difference between the ions.  Often
times, they indiscriminately accept either ion regardless of which
ion is meant for that site. Generally, the binding strengths of
potassium and calcium are much stronger than magnesium and
they easily out-compete magnesium at exchange sites.
Applications of potassium fertilizers reduce a plant’s ability to
absorb magnesium. Similarly, very high rates of magnesium
fertilizers will indeed depress potassium absorption by plants,
but this antagonism is not nearly as strong as the inverse relation
of potassium on magnesium.  The rate of potassium uptake is
also influenced by soil pH, which further aggravates potassium-
magnesium antagonism in high pH soils.  Reiterating, calcium,
magnesium, and potassium compete with each other and the
addition of any one of them will reduce the uptake rate of the
other two.

Potassium and sodium

A huge issue that is stifling cereal crop production is dryland
salinity world wide. The problems of salinity are two fold:  lack
of water and excessive sodium.  The bread bowls of the world
like the plains of Canada, Australia, India, Central Asia, Russia
and California are all severely affected by salinization of soils.
This means that once productive lands have been taken out of
agricultural productivity.   Today approximately 20% of the
world’s cultivated land and nearly half of all irrigated lands are
salt-affected.   Alkaline soils are difficult to take into agricultural
production. Rain water stagnates on the soil easily and in dry
periods, irrigation is hardly possible. Agriculture is limited to
crops tolerant to surface water logging (e.g. rice, grasses) and
the productivity is low.

The only element that affects sodium levels in the soil is
potassium.  When sodium percentage is higher than potassium
then there is often trouble on the horizon from soil health and
crop productivity point of view.  At higher levels of sodium,
plants will preferentially take up sodium in place of potassium.
Plants use both low and high affinity systems for potassium
uptake. Under sodium stress, it is necessary for plants to operate
the more selective high-affinity potassium uptake system in
order to maintain adequate potassium nutrition. Potassium
deficiency inevitably leads to growth inhibition because
potassium plays a critical role in maintaining cell turgor,

membrane potential and enzyme activities.  Once sodium gets
into the cytoplasm, it inhibits the activities of many enzymes.
This inhibition is also dependent on how much potassium is
present: higher sodium/potassium ratio more the damage. Even
in the case of halophytes that accumulate large quantities of
sodium inside the cell, their cytosolic enzymes are just as
sensitive to sodium as enzymes of glycophytes.  Sodium when
taken up by the cells, starts expanding especially under hot
temperatures by absorption of cell moisture.  This often leads to
cell wall rupturing and oozing of cell components and slow
programmed death of the plant.

As a domino effect, when sodium and potassium ratio is
excessive (ratio >10) then plant will not get enough manganese.
It isn’t that manganese is absent; it is just tied up and hence,
unavailable to the plant.  Now, manganese is essential to grain
formation and hence, there will be a dip in yields, high degree of
unfilled grain and impoverished stands.  An important factor in
the battle between sodium and potassium ions is calcium.
Increased calcium supply has a protective effect on plants under
sodium stress. Adequate levels of calcium assist in potassium/
sodium selectivity.  This beneficial effect of calcium is mediated
through a signaling pathway that regulates activity of potassium
and sodium transporters. Calcium may also directly suppress
sodium import mediated by nonselective cation channels.

Potassium interrelationships with micronutrients

Potassium has direct synergistic relationships with two
micronutrients namely: iron and manganese.  Manganese is a
very important component of photosynthesis, nitrogen
metabolism and nitrogen assimilation; it activates decarboxylase,
dehydrogenase and oxidase enzymes.  Iron plays a very
important part in chlorophyll formation.  It is a component of
ferrodoxin which is responsible for oxidation/reduction reactions
in the plant system like - nitrate and sulphate reduction and
nitrogen fixation.  Iron is also a constituent of peroxidase and
catalase, which are defense enzymes of the plant. The two
diagrams below qualify the extreme importance of potassium in
its relationship with iron and manganese in the most essential
processes of glycolysis and Krebs cycle.

Domino effects of potassium are very common in the plant
system due to the complex relationship between potassium and
other nutrients.  Boron and potassium have overlapping roles
to play in plant physiology and hence, are synergistic.  Like
potassium, boron is also involved in some aspects of flowering
and fruiting processes, pollen germination, cell division, nitrogen
metabolism, carbohydrate metabolism, active salt absorption,
hormone movement and action, water metabolism and the water
relations in plants. They both serve in acting as a buffer and are
necessary in the maintenance of conducting tissues and to exert
a regulatory effect on other elements. It has been show that an
optimal level of boron increases potassium permeability in the
cell membrane.

An inverse relationship is seen between potassium and
molybdenum.  Low supplies of potassium reduce the uptake of
molybdenum from soil, thereby resulting in inefficient nitrogen
utilization by the plant.  If this occurs during the reproductive
phase, this can often lead to a higher proportion of sterile female
flowers. Often times along with potassium deficiency symptoms
the plant will show classic nitrogen deficiency symptoms in
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spite of good levels of nitrogen in the soils. Zinc and copper
also have indirect effects on potassium. The tendency of plants
to maintain a constant amount of total cations, on a chemically
equivalent basis, however, leads to some rather complex
relationships. To ascribe the effect of a particular manifestation
on the concentration of one particular element becomes difficult.

Conclusions

We have seen that plants are very fastidious when uptake
of nutrients is concerned and they preferentially exclude or
absorb nutrients based on the concentration of nutrients
provided to them.  Therefore, any odd combination of nutrients
is not going to do the trick of providing all 17 nutrients in the
appropriate ratios required by the plant.  Hence, the stress on
the word BALANCED!!  The focus of Balanced Plant Nutrition
(BPN) is the plant system.  It encompasses the concepts of
nutrient management based on crop type, soil type and stage
of plant growth.  Use of BPN ensures proper ratios of essential
nutrients and hence, enables the plant to complete its life cycle
in the precise period.  The concept of BPN does not stop at
administering NPK, but also incorporates secondary and
micronutrients.  It also recognizes the important role played by
organic manures/ farmyard manure (FYM) in crop production.

Now that, we have seen the interrelationships between
nutrients and how a small imbalance in the nutrient balancing
can have adverse repercussions on the crop, balancing out
fertilizer applications in the soil almost becomes mandatory.  The
first imbalance that needs to be corrected is our undying “love”
for nitrogen as a fertilizer.  Average nutrient ranges in most tissue
hovers around 2:0.5:1.  However, the ratio of nutrients that go on
as fertilizers is skewed in favor of nitrogen.  In the 1960’s this
ratio was around 9:2:1 and by the 1990’s the ratio was at 6:3:1.
After decontrol of phosphorus and potassium fertilizers in 1992/
93, the ratio widened to 10:3:1.  In the last few years, it is
stabilizing at 7:3:1 still very tilted in favor of nitrogen.  These
numbers reflect that imbalanced soils are forming the matrix/
growth medium for our agriculture.  Increasing awareness of
balancing our soils to build up soil health and tilth amongst
farmers and “thought runners” in the scientific community would
be a good agricultural practice for continuity of productive,
fruitful and economically sound agriculture.

     Fig .1. Function of micronutrients and secondary nutrients in the glycolytic pathway

              Fig. 2. Function of micronutrients and  secondary nutrients in the krebs cycle
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