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ABSTRACT

Potassium plays a vital role in enzyme activation, water relations (osmotic regulation), energy relations,
translocation of assimilates, photosynthesis, protein and starch synthesis. Potassium in soil exists in four
principal forms -solution K, exchangeable K, non-exchangeable K and structural K; these forms are in a
state of dynamic equilibrium. The vast quantity of potassium is removed; 1.5 times more than nitrogen,
and Potassium application is significantly lower than that of N or P. In practically all intensive cropping
systems in India, the K balance is negative because the addition of K rarely matches its removal, leading in
massive K mining. The long-term intensive cropping systems,without K inputs, unfavourably affect K
supply for plant uptake, ultimately hindering yield of the crops. In India, soil K fertility is measured using
K extracted from neutral normal ammonium acetate but non exchangeable K release with boiling 1M HNO
3 has been noticed to be a better approach for categorising soils for K availability to plants because it offers
some useful information on the K-supplying capacity of the soils under continuous cropping systems. The
availability of potassium is determined by the overall content, the release properties of its various forms,
the presence of clay minerals in varied proportions, and the particle size fractions. Measuring soil K fractions
is insufficient for assessing long-term soil K fertility changes; one must also investigate the release properties
of native K in terms of Q/I parameters, threshold values, and release kinetics.
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Introduction

K is one of the most plentiful elements in the Earth’s
crust, making up around 2.1-2.3% of it (Zorb et al.,
2014). Potassium is often regarded as being abun-
dant in Indian soils. According to reports, the range
of potassium in benchmarks Indian soils is 0.35 to
4.65%. (Sekhon et al., 1992). One of the three major
plant nutrients for all living things, including plants
and animals, potassium is the seventh most nutri-
ent-dense element in the earth’s crust. With agricul-
tural intensification, its significance in Indian agri-
culture has grown. It is a univalent cation that is
called a “master cation” because plant cell sap con-

tains the highest concentration of it. The symbol for
potassium, K, is derived from the German word ka-
lium. In the Colonial era, individuals would burn
organic materials and wood in pots to create soap.
After rinsing the ashes, the remaining water would
evaporate, leaving behind potassium salts. This sub-
stance was referred to as “potash” or “pot ashes.”
People would then boil these salts with animal fat to
create soap. A botanist named Samuel William Jack-
son conducted an analysis of plant ash after burning
them in Connecticut in 1868. Jackson discovered that
plants contained significant amounts of potassium
and other minerals. His work resulted in the devel-
opment of fertilizers to increase crop yields
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(McAfee, 2008).
In plants, potassium is ionic (K+), free (not at-

tached to any other ingredient), and mobile. Accord-
ing to Mengel and Krikby (1987), potassium is es-
sential for the activation of enzymes, osmotic man-
agement of water, energy relationships, assimilate
translocation, photosynthesis, protein, and starch
production. K is required for the activation of over
sixty enzymes. For crop productivity, potassium is
frequently regarded as the quality element
(Usherwood, 1985), and it is acknowledged as a
quality-plus yield nutrient. The primary function of
K is stomatal opening and closure, which maintains
water transpiration and atmospheric CO2 penetra-
tion into leaves, both of which contribute to in-
creased water usage efficiency (Mengel and Forster,
1973).

The sustainable management of soil potassium
has been given less attention in recent decades com-
pared to nitrogen and phosphorus (Simonsson et al.,
2007). Although illitic clay minerals dominate our
soils, making available potassium abundant, farm-
ers tend to neglect the application of potassium fer-
tilizers. Currently, the agricultural sector experi-
ences a net negative balance of 19% for nitrogen,
12% for phosphorus, and 69% for potassium. The
high proportion of potassium is due to crops remov-
ing on average 1.5 times more potassium than nitro-
gen, and the application of potassium fertilizer is
considerably lower than that of nitrogen or phos-
phorus (Gurav et al., 2018; Tandon, 2007). Most in-
tensive cropping systems in India have a negative
potassium balance, resulting in excessive mining of
potassium since the addition of potassium rarely
matches its removal. This situation puts pressure on
non-exchangeable potassium to meet the potassium
requirements of plants. Without potassium inputs,
long-term intensive cropping systems unfavourably
affect the supply of potassium to plants, ultimately
leading to lower crop yields (Swarup, 1998). There-
fore, it is crucial to consistently prioritize the role

and importance of potassium in sustainable crop
production through balanced nutrient management.
To maintain soil fertility, the removal of potassium
must be balanced by sufficient potassium inputs.

Soil Supply of Potassium

Potassiumin soils

A basic comprehension of the fundamental process
associated with the soil Potassium cycle is impera-
tive to guarantee appropriate potassium nourish-
ment of crop plants. In soils, potassium is present in
diverse forms, such as water-soluble, interchange-
able, non-interchangeable, and lattice potassium.
The degree of K in soil solution and promptly acces-
sible forms for plant uptake at any given time is af-
fected by kinetic and equilibrium reactions between
the four forms of soil K. The four K fractions, in the
sequence of their availability to microbes and plants,
are: solution > interchangeable > fixed > mineral K
(Sparks, 2000). The abundance of different fractions
and their release majority is reliant on the types of
minerals in clay and silt fractions of a particular soil.

Water-soluble potassium

The K form is easily accessible to both plants and
microorganisms. In typical agricultural soils located
in moist climates, the quantity of potassium in the
soil solution is between 2 to 5 mg K-1 (Haby et al.,
1990). The potassium amount primarily relies on the
exhaustion and restoration of interchangeable and
non-interchangeable types of potassium. Non-inter-
changeable K+ is discharged due to the reduced K
content (Hay 1976) of the soil solution, which helps
in enhancing the efficiency of water usage by ab-
sorbing water and ambient CO2 through the leaf
(Mengel and Forster 1973).

Exchangeable K

Plants may readily access the form of potassium that
is interchangeable with other cations.K is electro-
statically bonded as an outer-sphere complexOn the
surface of the clay minerals and humic compounds
(Malavolta, 1985). Clay minerals’ capacity to store
K+ at exchange sites depends on both thermody-
namic and kinetic variables (Parfitt 1992). The con-
centration and type of the soil surface of K+ in re-
spect to the other exchangeable and primarily diva-
lent cations present in the soils available to plants
influence the affinity of the exchange sites for K+
(Barré et al., 2008). It can be exchanged for other cat-Fig. 1. Potassium fractions in soil.
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ions, and plants can readily access it (Barré et al.,
2008).

Non-exchangeable K

It is trapped inside the clay mineral layers and is not
readily available for exchange with other cations. It
is kept in place by vermiculites, intergrade clay min-
erals, such as chloritized vermiculite, and
neighbouring tetrahedral layers of dioctahedral and
trioctahedral micas (Sparks, 1987; Sparks et al.,
1985). Potassium is fixed because the forces that
hold potassium to clay surfaces are stronger than the
forces that keep individual K+ ions hydrated. They
cause the crystal formations to partially collapse.

K+ ions are physically confined, making K release
a gradual, diffusion-controlled process. Throughout
a single growth season, developing plants cannot
utilise much of the slowly available K. Slowly avail-
able K can act as a storage space for easily accessible
K.

Structural K

Structural K, also referred to as mineral K, is co-
valently bound within the crystal structure of K-con-
taining minerals such as feldspars and micas
(Metson, 1969). It is commonly believed that plants
can only access structural K at a slow rate, but its
availability is influenced by the amount of K present
in other forms and the extent of weathering of the
micas and feldspars that make up the mineral K
fraction (Sparks, 1987 and Sparks et al., 1985).

Importance of non-exchangeable Potassium in
Plant Nutrition

In India, the quantity of K extracted with neutral
normal ammonium acetate is utilized to assess the
soil’s K fertility (NH4OAc). However this extractant
has frequently failed to reveal crop-induced changes
in soil K. (Velayutham et al., 1985; Singh et al., 2017).
In the utter lack of an optimal K supply in many
crops, several researchers (Mengell, 1985) have re-
ported that a sizeable portion of K (70–90%) needed
by plants comes from the non-exchangeable pool,
demonstrating the usefulness of fixed K. K(nx) con-
tribution becomes more significant in soils with low
NH4OAc-K levels (Dhar and Sanyal, 2000; Ghorban
2007). Non-exchangeable K (Knx), which is stored
on the edge, wedge, and inter layers of soil clay min-
erals, meets an important part of the crop’s nutri-
tional needs. When soil solution and exchangeable K
levels are lowered by plant uptake and leaching, the

non-exchangeable K fraction is liberated (Martin
and Sparks, 1983). The amount of intermediate-K
found in the wedge and edge zones of micaceous
minerals (Beckett, 1971). Below a specific critical
value of K concentration in soil solution, referred to
as threshold concentration, this intermediate K is lib-
erated in the soil solution (Datta and Sastry, 1989).
Consequently, knowledge of the threshold level of
soil exchangeable K at which NEK release starts is
essential in figuring out the K store of soils and its
accessibility to plants.

Since repetition extractions with boiling
1.0MHNO3 provide some valuable information on
the K-supplying potential of the soils under ongoing
cropping systems, it has been determined that non-
exchangeable K discharge with boiling 1MHNO3 is
a more appropriate method to classify soils for K
accessibility to crops.There was a strong association
between boiling 1.0MHNO3-extractable K and crop
uptake and reaction to K. Step K and constant-rate K
(CR-K) are notions that Haylock (1956) established
as indicators of plant-utilizable, non-exchangeable K
release in soil. Step K is the potassium release with
repeated 1.0 N HNO3 extractions and constant rate
-K, which is the rate attained when the potassium
release with each extraction is equal to the preceding
one.Metson (1969) discovered that CR-K serves as
an empirical guide to the long-term K providing ca-
pacity of soils and takes into account soil type and
mineralogy. According to several studies, the non-
exchangeable form of potassium (NEK), which is
initially unavailable to growing crops, significantly
contributes to the nutrient needs of plants (Tiwari
1985; Ganeshamurthy and Biswas 1985; and Santhy
et al., 1998). Regarding K nutrition, it is crucial to un-
derstand the characteristics of the soil’s K reserve
and its release pattern. The source of the nutrient
that is currently available to crops is thought to be
the labile pool of K in soils (the water-soluble and
exchangeable K). When crops are planted one after
another without using K, the soil’s available pool of
K is always under stress (Ganeshamurthy and
Biswas, 1985) reported that during extended dura-
tions of investigation, there was a noticeable reduc-
tion in the amount of NEK to meet K requirement.
According to Rupa et al. (2001), the soils with con-
tinuous cropping that did not get K fertiliser saw the
largest loss of NEK stores.

Exhaustive cropping has been effectively used in
the past by a number of researchers to better under-
stand the release features of K reserve and its avail-
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ability to crops (Mehta, 1976 and Brar and Sekhon,
1977). Since optimal exploitation of native soil K in
the presence of sufficient fertiliser K is necessary for
sustained agricultural production and soil health, it
is crucial to conduct a systematic analysis of the dis-
tribution of various soil K forms, their relative abili-
ties, and the soil’s ability to support subsequent
crops without the addition of extraneous K supply.
A prior understanding of the soil’s inherent ability
to give K to the plant in the form of exchangeable
and accessible pools of solution is necessary for the
wise use of fertiliser potassium (K).

The NEK buffer in soils can be viewed as a mea-
sure of the soils’ long-term capacity to supply K due
to its slow release into the plant’s pool of accessible
materials. Continuous cultivation without K or with
insufficient K fertiliser may significantly deplete the
NEK soil reserve. Soil K status changes and crop re-
sponse patterns to applied K must be continuously
monitored.

Absorptionsites of potassium

There are multiple kinds of K+ adsorption sites on
clay minerals (Figure 2). The K+ selectivity of those
on flat surfaces (p-position) on the outer surfaces is
low, but that of those on the edge (e-position) and
wedge (w-position) is medium. Fixed K+ is the K+
found in the interlayer wedge and edge positions
(Figure 1).

Different potassium fractions are in a dynamic
equilibrium, and as K is depleted from one pool to
another, it is refilled from other pools. The pace of
replenishment could not be quick enough, though,
depending on the situation, to meet the crop’s de-

mands. The overall content and release traits from
its various forms, which are determined by the soil
parameters, determine the availability of potassium
in soil. In addition, vegetation and physiography
have an impact on the availability of potassium to
plants through their effects on drainage, runoff,
leaching, erosion, and vegetation.

The composition and quantity of soil minerals, as
well as the pedogenic processes taking place in the
soil, greatly influence the behaviour of soil potas-
sium with regard to other plant nutrients, fixation,
release characteristics, and its absorption and re-
sponse pattern. Heterogeneous composition, release,
and K fixation behaviour in soil are caused by the
presence of these minerals in varying concentrations
and in diverse percentages of particle size at vari-
able weathering stages. Because of the weathering of
minerals like biotite, muscovite, orthoclase, and mi-
crocline, among others, soil naturally contains potas-
sium (Rich, 1972).

For better K management of soils, soil order and
series differences on soil K reserves need to be
evaluated. The majority of soils have high levels of
total K but only modest levels of K that is readily
available. The majority of potassium is present as a
component of many minerals, which weather at
widely varying rates to release K into soluble and
exchangeable forms (Huang, 1977).

Mineralogical composition on release and K
fixation behavior in soil

According to a study by Sarkar et al. (2013), illite and
kaolinite were the two minerals that were most
abundant in the clay fractions of the Entisols

Fig. 2. Potassium adsorption positions for K+ in a mica–silicate mineral in the soil system [af-
ter Rich (1968)c.f, Mengel and Kirkby (1987)
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(Garubathan soil) and Inceptisols (Ranaghat,
Sonakhali, Gosaba, and Hatighisa soil) in the West
Bengal region. In the soils of Polba and Md. Bazar
(both soils fall under the order of Alfisols), kaolinite
predominates following by illite, whereas in the soil
of Ranibundh (Alfisols), illite predominates fol-
lowed by kaolinite. The type of clay mineral and its
charge density, the interlayering level, the moisture
levels, the proportion of K+ ions in addition to the
concentration of competing cations, and the pH of
the ambient solution soaking the clay or soil all af-
fect how much K is fixed in them (Rich 1968; Sparks
and Huang, 1985).

Sarkar et al. (2014) conducted a study in two dif-
ferent soil order of West Bengal and recorded that
the relative dominance of clay minerals in the clay
fraction of the inceptisol is illite (44%) and whereas
Ranibundh soil is rice in Kaolinite soil (28%) An-
other study by Srinivasarao et al. (2008) revealed
that Mean total K levels in inceptisols  that were
greater than Aridisols. Following Vertisols in order
of exchangeable K were Inceptisols, Alfisols, and
Aridisols. Decreased non-exchangeable K in Alfisols
may be caused by K-feldspar, which makes up a

large fraction of total K and is very resistant and
does not dissolve in boiling 1 N HNO3. Vertisols
showed greatest exchangeable K followed by
Inceptisols, Alfisols and Aridisols. Lower non-ex-
changeable K in Alfisols could be due to presence of
major portion of total K in the form of K-feldspar
which are highly resistance and is not dissolve in
boiling 1 N HNO3. Decreased  the content of non-
exchangeable K in Alfisols may be caused by K-feld-
spar, which makes up a large fraction of total K and
is very resistant and does not dissolve in boiling 1 N
HNO3.

Changes in different forms of potassium without
and with fertilization of potassium in different soil
orders

A study was conducted by Sarkar et al (2013) to see
the release pattern of non-exchangeable potassium
reserve in Alfisol, Inceptisol and entisol of West Ben-
gal, India.) recorded that From the above Sonakhali
soil showed much higher amounts of non-exchange-
able K and Step-K, followed by Gosaba soil and
Hatighisa soil, whereas Md. Bazar contained the
least amount among the eight experimental soil

Table 2. Semi-quantitative composition (percentage) of clay fraction of soils in different soil orders of West Bengal.

Soil Order Smectite Cholrite Vermiculite Interstratified illite Kaolinite

Entisol 9 28 - - 53 10
Inceptisol 7 13 10 - 55 15
Alfisol(1) - - - - 39 61
Alfisol (2) 10 - 8 - 31 51

Sources: Ghosh and Debnath, (2010)

Table 6. Effect of intensive cropping (rice-rice) without addition of potassium fertilizer on distribution of different
forms of potassium in soils after the first and the third cropping

Location Forms of potassium C mol(p+) kg-1

Stages of Water Exchangeable Non Step K Constant
Cropping Soluble K  K  exchangeable rate

K (NER)

Ranibundh Initial 0.051 0.205 6.76 7.76 0.32
1st crop 0.044 0.176 6.43 7.17 0.30
3rd crop 0.037 0.132 5.58 6.12 0.28
SEM± 0.001 0.006 0.029 0.142 0.005
CD(p=0.05) 0.004 0.019 0.087 0.429 0.015

Sonakhali Initial 0.564 1.33 10.5 11.02 0.36
1st crop 0.327 1.22 10.3 10.62 0.33
3rd crop 0.305 0.960 8.98 9.50 0.30
SEM± 0.024 0.033 0.141 0.134 0.006
CD(p=0.05) 0.074 0.099 0.428 0.405 0.018

Sources: Sarkar et al. (2014
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samples. The soils from Sonakhali, Gosaba, and
Hatighisa were anticipated to release more K under
stress condition efficiently. This may be because
non-exchangeable K (NEK) or reserve K is an index
of K availability under stress situation. The NEK of
the soils in Md. Bazar and Polba indicates that long-
term cropping on these soils may not provide suffi-
cient K nutrition for crops.

Inceptisol and Alfisol were the subject of a study
by Sarkar et al. (2014) on the depletion of soil potas-
sium under exhaustive cropping. They observed
that the soil variations in water-soluble K, exchange-
able K, NEK, Step K, and CR-K after three rice crops.
In Sonakhali soil, the percentage and net changes in
the water-soluble K were more noticeable. All five
types of K in both soils decreased with subsequent
cropping. For Ranibundh soil, the decrease of water-
soluble K was substantial at all phases of crop
growth, but after the first and third crops, there was
no difference in significance. This difference may be
due to the release of NEK from the clay interlayer to
the exchangeable and water-soluble forms. The
Sonakhali soil’s greater exchangeable and reserve
pools of K than the Ranibundh soil may have sus-
tained crop growth in the former without signifi-
cantly affecting the soil.

In order to determine the effects of fertilization
and manuring on the soil’s ability to produce potas-
sium, a field experiment was carried out after 45
rice-rice cycles from an ongoing long-term fertiliser
experiment were completed at the ICAR-National
Rice Research Center in Cuttack, India. Control (un-
fertilized), N (nitrogen fertilizer), NP (nitrogen plus
phosphorus fertilizer), NK (nitrogen plus potassium
fertilizer), NPK (nitrogen plus phosphorus and po-
tassium fertilizer), FYM (farmyard manure), N +
FYM, NP + FYM, NK + FYM, and NPK + FYM were
the treatments. According to the results of this inves-
tigation, exchangeable K (Kex) varied amongst the
treatments and ranged from 62.3 to 87.2 mg kg1. In
comparison to the other treatments, the exchange-
able K in NK +FYM was the largest l. With NPK +
FYM, non-exchangeable K concentrations were
highest (661 mg kg-1), closely followed by NK (657
mg kg-1) and NK + FYM (656 mg kg-1) Despite sig-
nificant crop absorption, continuous K fertilising
and manuring kept Knx levels at such high levels.
Even K-fertilized treatments failed to significantly
outperform the control in terms of Knx. Knx was
much lower in the NP treatment (577 mg kg-1) than
it was in the other treatments. This demonstrates

how the soil’s non exchangeable K reserve depletes
when K is continuously withheld from the system
even while the other two essential nutrients (i.e., N
and P) are available in the fertilisation schedule.

Potassium release and Quantity and intensity
relationship

As a metric of soil K fertility, the quantity-intensity
(Q/I) relationship of soil K appears to be superior
than NH4OAc-K (de la Horra et al., 1998). The inten-
sity, quantity, and buffering power notions put out
by (Beckett 1964) can be used to define and quantify
the soils’ capacity to deliver potassium.

Solutions with increasing concentrations of KCl
and decreasing concentrations of CaCl2 were used
to equilibrate the provided soil sample. The quantity
factor (Q factor) in the relationship is the amount of
K that the soil gains or loses (K) during equilibra-
tion. As a metric of soil K fertility, the quantity-in-
tensity (Q/I) relationship of soil K appears to be su-
perior than NH4OAc-K. (de la Horra et al., 1998).
The intensity, quantity, and buffering power notions
put out by (Beckett, 1964) can be used to define and
quantify the soils’ capacity to deliver potassium.

Solutions with increasing concentrations of KCl
and decreasing concentrations of CaCl2 were used to
equilibrate the provided soil sample. The quantity
factor (Q factor) in the relationship is the amount of
K that the soil gains or loses (K) during equilibra-
tion. The amount of K in soil solution that is in-
stantly accessible for plant roots to absorb. The po-
tassium activity ratio is utilised to show the intensity
factor since this K absorption is impacted by the ac-
tivity of other cations like Ca2+ and Mg2+ in the soil
solution.

ARek=K+ /”Ca2 + Mg2+ where ‘a’ is the activity of
the respective ions in the equilibrium solution.

The quantity factor (Q) is the measure of capacity
of the soil to maintain the level of K in soil solution
(I) over a longer period or crop duration. The capac-
ity is mainly due to exchangeable K, although non
exchangeable K is released to meet the considerable
of the crop needs.

Potassium release pattern, Threshold levels and
Q/I parameters of different Soil orders

A study was done to determine the pattern of non-
exchangeable potassium reserve release in the West
Bengal, India, soil types Alfisol, Inceptisol, and
Entisol. Sarkar and other (2013) presents straightfor-
ward linear equations that best describe the cumula-
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tive NEK release across all soils analysed. The re-
lease of cumulative NEK had a highly significant
correlation coefficient and a semi-logarithmic behav-
ior with an increasing number of extractions. This
shows that as the number of extractions increased,
the release of NEK reduced. Once more, Ghosh and
Debnath (2010) conducted a study to determine the
depletion of soil potassium under exhaustive crop-
ping in inceptisol and alfisol and found that after
each cropping, there was a significant drop in ARK
e for these soils, which was clearly caused by the
crop removal of exchangeable K in the absence of
extraneous addition of K. With each additional crop-
ping, the difference in ARK e values between the
initial stage (before to cropping) and the following
the first, second, and third crops of rice grew in-
creasingly larger in all the soils. The threshold levels
for intermediate K release, which closely matches to
step-contents K’s (Arnold and Close 1961; De et al.,
1993).

Again citing Sarkar et al. (2014), crop removal of
exchangeable K under no extraneous K in the ab-
sence of K dissipation through other pathways
caused a general decline in ARK e values for both
soils on cropping. This considerable decrease in
ARKe values during the course of repeated crop-
ping was in line with earlier findings by Beckett and
Nafady (1967a, 1967b); Abdel-Hamid (1992); and
Dhar (1999). Several variables, including total labile
pool of K (KL), held K (KX), and labile K (K0), also
declined significantly in both soils. Similar findings
were made by (Debnath, 1995; Dhar, 1999). Further
Sarkar et al.  (2014) stated that in both soils
(Ranibundh and Sonakhali, West Bengal) the thresh-
old levels for the release of intermediate K in terms
of activity ratio, exchangeable K, and K concentra-
tion in soil solution showed a decrease after the
third cropping as compared to the initial status .

According to Das et al. (2018), the Q/I plot for
each treatment showed a curvilinear portion at low
activity ratios indicating exchange at sites with
greater affinity for K than Ca + Mg and a linear por-
tion at high intensity levels describing the exchange
behaviour of K and Ca + Mg at sites not having pref-
erential affinity for K.The state of immediately ac-
cessible K in soil is indicated by the ARKe. Signifi-
cant differences in ARKe were seen after long-term
cropping with or without K addition by fertiliser or
manure. The highest ARKe across all treatments was
reported by NK + FYM (43.7 104 [mol L1]0.5), which
was significantly higher than the lowest ARKe

among the manure-added treatments by NP + FYM.
The KL is a rough measure of the total content of
labile K in a soil that can take part in ion exchange
with Ca + Mg during the time period provided for
equilibration. The treatments receiving K fertiliser,
with or without FYM, had much higher K0 than NP,
the fertilisation strategy with the greatest imbalance
in terms of K.The Potential Buffering Capacity  of K
measures the soil’s capacity to sustain a specific
level of K in the soil solution.

An experiment was conducted in various soil se-
ries of Vertisol of Dewas district of Malwa region,
Madhya Pradesh to assess potassium fixation capac-
ity and potassium release pattern by Gandhi et al.
(2018). The amount of K extracted by stepwise ex-
traction with 0.01 N HCl and the cumulative K re-
leasing power of soils. The findings showed that
there was a considerable variance in the K releasing
power among the various soil series. From the first
extraction to the thirteenth extraction, the amount of
K extracted from the soils typically declined steadily
until the majority of the soils released little to no K.
The initial extraction had the highest K release from
the Kamliakheri series (119 ppm) and the lowest K
release from the Gabapura series (84 ppm). The soils
of the Kamliakheri family, which have fine textures,
high exchangeable K concentrations, and K satura-
tion at the edge positions, may have held K with re-
duced tenacity and bondage, causing K release to
occur quickly. Also during the second extraction, the
Sarol series was followed by the Kamlikheri series in
terms of the large magnitude (92 ppm) emission of
K (87 ppm). The values of total step-K varied from
433 to 197 ppm. This indicated that the more the
amount of step-K more will be the plant utilizable
non-exchangeable K from micaceous minerals un-
der K stress situation.

K fixation

As soluble K is added, it is transformed into a form
that cannot be removed using a neutral salt solution,
which reduces the availability of added K. K fixation
is a significant process in the dynamics of soil K and
it impacts the availability of K to plants. K fixation is
the term used to describe the trapping of K+ in lay-
ers of 2:1 clays, primarily hydrous mica. K is small
enough to reach the interlayer regions, where elec-
trostatic forces firmly hold it. Regarding the soil’s
ability to supply K, the fixation of additional K is
particularly crucial because K-depleted soils may fix
a lot of it, making it momentarily unavailable to the
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plants. The fixed K slowly becomes accessible over
time (Mengel and Kirkby 1980). So, understanding
the soil’s ability to fix K during long-term
fertilisation and manuring is crucial for improving K
management in cultivated soils. For potential im-
provements to the fertiliser K recommendation and
modelling the transformation of fertiliser K in soils,
potassium-fixation characteristics of soils are re-
quired (Sparks and Huang, 1985).

In an experiment on the ability of representative
soils in the sub-montane zone of Maharastra to fix
potassium and release it, Annapurna et al. (2017)
found that Bamburi Series from Inceptisol had a
higher fixation capacity than Sathesai Series from
N.A.R.P., Kolhapur (91.80 mg kg-1) and Kurkum
Series from A.C Farm, Kolhapur (99.10 mg kg-1).
This may be because there are variations in the over-
all amount and kind of clays’ K-fixing minerals.

Das et al. (2018) found that the K fertilised treat-
ments considerably excelled the control, N, and NP
in another lengthy fertiliser trial (Fig. 7). Due to sig-
nificant depletions in the native K pool of the soil
under conditions of optimal N supply or N and P
without additional K, the Kf was lowest under N
and NP (113 mg kg1). Kf under NPK in the treat-
ments with inorganic fertiliser was substantially
greater than control, N, and NP. In 45 years of rice-
rice cropping system, Kf of NPK + FYM was consid-
erably higher than FYM, N + FYM, and NP + FYM
among the manure-added treatments.

Conclusion

 There are four important forms of potassium: so-
lution, exchangeable, non-exchangeable, and
structural. All of these forms are in a state of com-
plicated and dynamic equilibrium.

 However, non-exchangeable K release with boil-
ing 1MHNO3 has been found to be a more appro-
priate method to categorise soils for K availabil-
ity to crops as it offers some valuable knowledge
on the K-supplying capacity of the soils under
continuous cropping systems. In India, soil K fer-
tility is assessed based on the amount of K ex-
tracted by neutral normal ammonium acetate
(NH4OAc).

 The NEK reserve in soils can be considered to be
an indicator of the soils’ long-term capacity to
supply K due to its slow release into the plant’s
pool of accessible materials. Continuous cultiva-
tion without K or with insufficient K fertiliser

may significantly deplete the NEK soil reserve.
 A better knowledge of exchangeable K release

into soil solution and subsequent plant uptake is
provided by quantity/intensity Q/I parameters.

 Different content, release, and K fixation
behaviour in soil is caused by the presence of clay
minerals (illite, vermiculite, montmorilonite) in
distinct quantities and in diverse particle size
fractions at variable weathering stages.

 In comparison to the Alfisols, the Entisol and the
Inceptisol displayed a larger level of step-K, indi-
cating a greater reserve for K release from origi-
nally non-exchangeable forms under K stress.
Alfisols rich in kaolinite require more frequent K
fertilisation during long-term cropping than
Inceptisol and Entisols, which are dominated by
illite.

 Measuring the soil K fractions is not sufficient to
accurately assess long-term soil K fertility
changes; one must also consider the release char-
acteristics of native K in terms of Q/I parameters,
threshold values and release kinetics, and fixa-
tion of added K.

References

Ali, S. K. 2005. Fertilizer recommendation for principal
crops and cropping sequences of West Bengal. West
Bengal, India: Department of Agriculture, Govern-
ment of West Bengal.

Abdel-Hamid, M. A. 1992. Effect of moisture conditions
and potassium application levels on quantity–inten-
sity relationships under continuous cropping with
alfalfa. Bulletin of the Faculty of Agriculture, Univer-
sity of Cairo. 43: 453–475.

Annapurana, M., Kadam, B.S. Nilam, B. and Surabhi, H.K.
2017. Poatssium fixation capacity and potassium
release of representative soil series of sub-Montane
zone of Maharastra. International Journal of Chemical
studies. 5(5)-1607-1610.

Arnold, P.W. and Close, B.M. 1961. Release of non-ex-
changeable potassium from some British soils
cropped in the glasshouse. J Agric Sci. 57: 295–304.

Barber, S. A.  1984. Soil Nutrient Availability: A Mechanistic
Approach. Wiley, New York, USA,398.

Barré, P., Montagnier, C., Chenu, C., Abbadie, L. and
Velde, B. 2008. Clay minerals as a soil potassium
reservoir: observation and quantification through X-
ray diffraction. Plant Soil. 302: 213–220.

Beckett, P.H.T. 1971. Potassium potential: a review. Potash
Res. 30: 1–41

Beckett, P. H. T. 1964a. Studies on soil potassium, I: Con-
firmation of the ratio law: Measurement of potas-



PARAMITA DEB S381

sium potential. Journal of Soil Science. 15: 1–8.
Beckett, P. H. T. 1964b. Studies on soil potassium, II: The

“immediate” Q/I relations of labile potassium. J Soil
Sci. 15: 9–23.

Beckett, P. H. T. and Nafady, M. H. M. 1967a. Studies on
soil potassium, VI: The effect of K fixation and re-
lease on the form of the K: (Ca + Mg) exchange iso-
therm. Journal of Soil Science. 18: 244–262.

Beckett, P. H. T. and Nafady, M. H. M.  1967b. Potassium–
calcium exchange equilibria in soils: The location of
non-specific exchange sites. Journal of Soil Science.
18:263–283

Brar, M. S. and Sekhon, G. S. 1977. Evaluation of some
methods of potassium availability in Punjab soils.
Journal of Research. 14: 251–260.

Das, D., Nayek, A. K., Thilangam, V.K., Chaterjee, D.,
Shahid, M., Tripathi, R., Mohanty, S., Kumar, A.,
Lal, B., Gautam, P., Panda, B.B. and Biswas, S.S.
2018. Measuring Potassium Fractions is not suffi-
cient to acess the long –term impact fertilization and
manuring on soils potassium supplying capacity.
Journal of Soils and Sediments. 18: 1806-1820.

Datta, S.C. and Sastry, T.G. 1989. K-threshold levels in re-
lation to K-reserve, release, and specificity. J Indian
Soc Soil Sci. 37: 268–275.

de la Horra, A.M., Effron, D., Jimenez, M.P. and Conti, M.
1998. Effect of potassium fertilisers on quality-inten-
sity parameters in some Argentine soils. Commun
Soil Sci Plant Anal. 29(5- 6): 671–680. https://
doi.org/10.1080/00103629809369976

De, S., Mani, P.K. and Sanyal, S.K. 1993. Release pattern
of non-labile potassium in some Entisols, cropped in
the glasshouse. J Agric Sci. 57: 295–304.

Debnath, A. 1995. Some aspects of potassium relationship with
reference to plant availability. PhD diss., B.C.K.V., West
Bengal, India.

Dhar, A. and Sanyal, S K. 2000. Non exchangeable potas-
sium reserves and their release pattern in some
Alfisols and Inceptisols of West Bengal. J Indian Soc
Soil Sci. 48: 741–747.

Dhar, A. 1999. Studies on inherent potassium status in some
soils of West Bengal in relation to plant availability. PhD
diss., B.C.K.V., West Bengal, India.

Gandhi. G.K., Sharma S.K., Siriah V.K. and Chouhan N.
2018. Potassium fixation capacity and release pat-
tern in different soil series of vertisol. International
Journal of Agriculture Sciences. 10 (8): 5838-5841.

Ganeshamurthy, A.N. and Biswas, C.R. 1984. Q/I relation-
ship of potassium intwo soils of long term experi-
ments. Fertil Res. 5(2): 197–201. https://doi.org/
10.1007/BF01052716

Ganeshamurthy, A. N. and Biswas, C. R. 1985. Contribu-
tion of potassium from non- exchangeable sources
in soil to crops. Journal of the Indian Society of Soil
Science. 33: 60–65.

Ghorban AnR. 2007. Trying a new potassium uptake

model by wheat. Soil Sci Soc Am J. 71: 125–132.
Ghosh, S. 2005. Potassium and phosphorus dynamics in an

alluvial and a lateritic soil under rice-based cropping se-
quences. [PhD Thesis]: BCKV, West Bengal.

Ghosh, D. and Debnath, A. 2010. Plant utilization of native
soil potassium reserves in soil by crops of rice in
Entisol, Inceptisol, and Alfisols. Archives of
Agronomy and Soil Science. 56: 513–524

Grewal, K.S., Mehta, S.C., Oswal, M.C. and Yadav, P.S.
1998. Effect of fly ash on release behavior of potas-
sium in soils of arid region. Journal of the Indian So-
ciety of Soil Science. 46: 203–206.

Gurav, P. P., Ray, S. K., Choudhari, P. L., Biswas, A. K. and
Shirale, A. O. 2018. A review on soil potassium sce-
nario in Vertisols of India. Open Access J. Sci. 2018(1);
doi:10.15406/oajs.2018.02.00051.

Haby, V. A., Russelle, M. P. and Skogley, E. O. 1990. Test-
ing soils for potassium, calcium, and magnesium. In:
Soil Testing and Plant Analysis (Third Edition) (ed.
Westerman, R. L.), SSSA Book Series 3, Soil Science
Society of America, Wisconsin, Madison, USA, , pp.
181–227.

Hay, M. J. M., Walker, T. W., Adams, A. F. R. and
Campbell, A. S. 1976. The potassium status of six
loessial soils of Canterbury, New Zealand, in rela-
tion to rainfall and rate of loess accumulation. J. Soil
Sci. 27: 227–236.

Haylock, O. J. 1956) A method for investigating the avail-
ability of non-exchangeable potassium. Transactions
of the Sixth II International Congress of Soil Science. 1:
403–408.

Hosseinpur, A.R., Raisi, T., Kiani, S. and Motaghian, H.R.
2014. Potassium-release characteristics and their cor-
relation with bean (Phaseolus vulgaris) plant indices
in some calcareous soils. Commun Soil Sci Plant Anal.
45(6): 726–740. https://doi.org/10.1080/
00103624.2013.861913

Huang, P.M. 1977. Feldspars, oliviens, pyroxenes and
amphibols. In Dixon JB. and Weed SB. (Edt.) Min-
erals in soil environment. Soil Sci. Soc. Am. Madison,
Wisc, USA. 553-602.

Krishnakumari, M., Khera, M.S. and Ghosh, A.B. 1984.
Studies on potassium release in an Inceptisol soil
(Holambi series) at the minimum level of exchange-
able potassium. Plant Soil. 79: 3–10.

Malavolta, E. 1985. Potassium status of tropical and sub-
tropical region soils. In: Potassium in Agriculture (ed.
Munson, R.), ASA, CSSA, band SSSA, Madison,
Wisconsin, USA, pp. 163–200.

Mark Soils of India. PRII Special Publication No. 3. Potash
Research Institute of India, Gurgaon, Haryana.

Martin, H.W. and Sparks, D.L. 1983. Kinetics of non-ex-
changeable potassium release from two coastal plain
soils. Soil Sci Soc Am J. 47: 883–887.

McAfee J. 2008. Potassium, A Key Nutrient for Plant
Growth. Department of Soil and Crop Sciences.



S382 Eco. Env. & Cons. 29 (October Suppl. Issue) : 2023

Mehta, B. V. 1976. Potassium status of Gujrat soils. Jour-
nal of the Indian Society of Soil Science. Bulletin 10:
25–32.

Mengel, K. and Kirkby, E.S. 1987. Principles of plant nu-
trition. International Potash Institute, Switzerland. 655.

Mengel, K. and Kirkby, E.A. 1980. Potassium in crop pro-
duction. Adv Agron. 33: 59–110. https://doi.org/
10.1016/S0065-2113(08)60164-9

Mengel, K. 1985. Dynamics and availability of major nu-
trients in soils. Advances in Soil Science. 2: 65-13.

Mengel, K. and Forster, H. 1973. The effect of the potas-
sium concentrationin the soil solution on the yield
and the water consumption of sugar beets. P.
flanzanerhr Bodenkunde. 134: 148–156.

Mengel, K. and Kirkby, E. A. 1987. Principles of Plant
Nutrition, International Potash Institute,
Worblaufen-Bern, Switzerland, p. 685.

Metson, A.J. 1969. The long term potassium supplying
power of New Zealand soils. In: Transactions of the
9th International Congress of Soil Science, Adelaide,
Australia, 2: 621–630.

Parfitt, R. L. 1992. Potassium–calcium exchanges in some
New Zealand soils. Aust. J. Soil Res. 30: 145–158.

Rich, C.I. 1972. Potassium soil minerals. Proc. 9th Collog,
Int. Potash Inst. 3-12

Rich, C.I. 1968. Mineralogy of soil potassium. In: Kilmer,
V.J., et al. (Ed.). The Role of Potassium in Agriculture.
American Society of Agronomy, Madison, WI, pp.
79–91.

Rupa, T.R., Srivastava, S., Swarup, A., Sahoo, D. and
Tembhare, B.R. 2003. The availability of potassium
in Aeric Haplaquept and Typic Haplustert as af-
fected by long-term cropping, fertilization and ma-
nuring. Nutr Cycl Agroecosys. 65(1): 1–11. https://
doi.org/10.1023/A: 1021815821161.

Rupa, T. R., Srivastava, S., Swarup, A. and Singh, D. 2001.
Potassium-supplying power of a typic Ustochrept
profile using quantity/intensity technique in a long-
term fertilized plot. Journal of Agricultural Sciences
137: 195–203.

Santhy, P., Jayasree Sankar, S., Muthuvel, P. and Selvi, D.
1998. Long-term fertilizer experiments: Status of N,
P, and K fractions in soil. Journal of the Indian Society
of Soil Science. 46: 395–398.

Sarkar, G. K., Debnath, A., Chattopadhaya, A.P. and
Sanyal, S.K. 2014. Depletion of Soil Potassium under
exhaustive cropping in Inceptisol and Alfisol. Com-
munications in Soil Science and Plant Analysis. 45: 61-
72.

Sarkar, G. K., Chattopadhaya, A.P. and Sanyal, S.K. 2013.
Release pattern of non-exchangeable potassium re-
serves in alfisols, Inceptisols and Entisols of west
Bengal, India. Geoderma. 8-14.

Sekhon, G.S., Brar, M.S. and Subba Rao, A. 1992. Potassium
in Some Bench soil (Holambi series at the minimum
level of exchangeable potassium. Plant Soil. 79: 3-10.

Srinivasarao, Ch. Vittall, K.P.R., Tiwari, K.N., Gajbhiya, P.

N., Kundu, S.P harande, A.L., Reddy, Y.Y. and
Shankar, M. 2008. Potassium supplying character-
istics s of twenty one soil profiles under diverse
rainfed production systems. Journal of the Indian
Society of Soil Science. 55: 14-22.

Mark Soils of India. PRII Special Publication No. 3. Potash
Research Institute of India, Gurgaon, Haryana

Simonsson, M., Andersson, S., Andrist-Rangel, Y., Hillier,
S., Mattsson, L. and Oborn, I. 2007. Potassium re-
lease and fixation as a function of fertilizer applica-
tion rate and soil parent material. Geoderma. 140: 188-
198

Singh, M., Wanjari, R.H. and Jatav, R.C. 2017. Phosphorus
and potassium management under long-term ma-
nuring and fertilisation. Indian J Fertil. 13: 98–109

Sparks, D. L. and Huang, P. M. 1985. Physical chemistry
of soil potassium. In: Potassium in Agriculture (ed.
Munson, R. D.), American Society of Agronomy,
Crop Science Society of America, and Soil Science
Society of America, Madison, WI, pp. 201–276

Sparks, D. L. 1987. Potassium dynamics in soils. Adv. Soil
Sci.,6, 1–63.

Sparks, D.L. 2000. Bioavailability of soil potassium. D-38-
D-52. In: Sumner, M.E. (Ed.), Hand Book of Soil Sci-
ence. CRC Press, Boca Raton, FL.

Swarup, A. and Singh, K. N. 1989. Effect of continuous fer-
tilizer use on Q/I relationship of Kin sodic soil
cropped with rice and wheat for twelve years. J In-
dian Soc Soil Sci. 37: 399–401.

Swarup, A. and Ganeshmurthy, A. N. 1998. Emerging nu-
trient deficiencies under intensive cropping systems
and remedial measures for sustainable high produc-
tivity. Fert. News. 43(7): 37–50.

Swarup, A. 1998. Emerging soil fertility management is-
sues for sustainable crop production in irrigated
systems. In: Long-Term Soil Fertility Management
through Integrated Plant Nutrient Supply (eds Swarup,
A., Damodar Reddy, D. and Prasad, R. N.), Indian
Institute of Soil Science, Bhopal, pp. 54–68.

Tandon, H. L. S., 2007. Soil nutrient balance sheets in In-
dia: importance, status, issues and concerns. Better
Crops India, International Plant Nutrition Institute
(IPNI), pp. 15–17.

Tiwari, K. N. 1985. Changes in potassium status of alluvial
soils under intensive cropping. Fertilizer News. 30:
17–24.

Usherwood, N. R. 1985. The role of potassium in crop
quality. Potassium in Agriculture (ed. Munson, R. D.),
ASA/CSSA/SSSA, Madison, WI, USA, pp. 489–514.

Velayutham, M., Reddy, K.C.K. and Sankar, G.R.M. 1985.
Potassium fertilizer recommendations based on soil
tests in India. In: Potassium in agricultural soils, pro-
ceedings of the international symposium, March 9–10,
Dhaka, Bangladesh, pp. 195–222

Zorb, C., Senbayram, M. and Peiter, E. 2014. Potassium in
agriculture –Status and perspectives. Journal of Plant
Physiology. 171: 656–669.


