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Abstract

Maize, being the third most important cereal crop, is used
as a source of nutrition, poultry feeds and for other
industrial purposes. In industries, it is used in making
flakes, custard, varnishes, paints and many more. It is an
important source of human diet containing vitamins
(vitamin C, vitamin E, vitamin K, vitamin B1, vitamin By,
vitamin Bs, vitamin Bsvitamin and Bs (pyridoxine)),
nutrients  (phosphorus, magnesium, manganese, zinc,
copper, iron and selenium, potassium and calcium) and
other phytochemicals important for human well-being.
Potassium (K) has an important role in regulating many
plants’ functions like photosynthetic rate, chlorophyll
content, antioxidant enzyme activity, cellular homeostasis
and growth. By keeping in view all these regulating
functions, K can be an important source in increasing crop
yield of maize while making it more nutritious. Soil is an

important source of K as it contains a more exchangeable form
of K but in some conditions like calcareous soil, salinity stress,
drought and biotic or abiotic stress cause severe deficiency of
K in plants. In such situations, exogenous K can play a helpful
role in high maize production. This present review deals with
natural and synthetic sources of K that are being used for
increasing maize production. Synthetic sources of K include
inorganic fertilizers like NPK, muriate of potash, sulphate of
potash and potassium thiosulphate, while natural sources
include organic manure, cattle dung, compost of different crop
residues, wood ash, rocky minerals and biofertilizers. In some
cases, both the natural and synthetic sources of K are used in
combined form to get significant results. © 2022 The
Author(s)
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Introduction

Maize (Zea mays L) is a cross pollinated, monoecious crop
and now a days is considered as the backbone of poultry
feed industry (Saif-ul-Malook et al., 2014). It is also
important for many industries like manufacturing jelly
glucose, flakes, energile and custard etc. (Khan et al.,
1999). It is being utilized to produce shortening
compounds, ammunition, varnishes, paints and soaps (Ali,
1995). Maize oil and starch both are being used in many
industries and for domestic purposes (Batool et al., 2019;
Noor et al., 2021; Aslam et al., 2021). For instance, oil of
maize is mostly used in bakery products, cooking,
oleomargarine and salad dressing while starch after its
fermentation is used to produce biofuel or as ethanol, cloth
dying, paper industrial, and hides tanning (Khuspe et al.,
2016). Maize fodder contains 51.69%, 22.98% and 40.18%
neutral detergent fiber, acidic detergent fiber and crude
fiber respectively. Fodder also contains 28.8% cellulose,
10.35% crude protein and 9.09% moisture. Its grain
contains 71.97% starch, 4.85% oil, 9.74% protein and
9.44% crude fiber (Ali et al., 2014).

Potassium is the third most important plant nutrient
after nitrogen and phosphorous that is involved in

photosynthesis, quality crop production, resisting disease and
starch-sugar interconversion (Basak & Sarkar, 2017).
Potassium has vital role in many crops for keeping up their
osmotic capability, turgidity and closing, and opening of
stomata (Hue, 1995). K also has role to uptake of water from
soil to plant, maintenance of water in Xxylem tissues
(Marschner, 1995). K affects cell growth, for instance
sufficient K cell dividers are thicker, in this way enhancing
plant protection from lodging, diseases and pests (Bergmann,
1992). K-inadequate plants demonstrate low protection from
disease. Seeds and natural products are withered, shivered and
small. Symptom of deficiency of K in severe cases are leaf tips
and margin burning (Singh & Trehan, 1998). Potassium is the
most basic macronutrient required by plants in development,
improvement, growth and yield. It is a vital component for
increasing the grains yield of maize (Bukhsh et al., 2012; Igbal
et al., 2022). It has been viewed that K is the most fundamental
macronutrient of plants due to its primary importance in
biochemistry and physiology of the plants (Nawaz et al.,
2006). After sowing amid 38 to 52 days, the maize plants
require the aggregate potassium up to 38% for the entire
developing season (Rehman et al., 2008). It has been thought
that K has the most critical role in quality and yield improving
component in maize hybrid production (Bukhsh et al., 2012).
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Potassium supplementation enhances the overall yield of
maize because of increment in the kernel weight (Sharma
et al., 2005). All the growth attributes of maize flourished
by the use of K. Use of K fertilizer likewise enhanced the
adequacy of the photosynthetic apparatus of the plants (leaf
zone and no. of leaves) (Kubar et al., 2013).

Soil contains 2.1 to 2.3% reservoirs of K that are high
enough for plants and can be easily absorbed (Schroeder,
1978). But K availability to plants depends on some of soil
properties like its pH, texture, and moisture content. Some
soil also contains potassium silicates minerals that can be
used by plants as K source. But for K uptake require
assistance of some microbes for conversion of these
compounds in soluble form (Masood & Bano, 2016).
Potassium uptake into the plants cell is facilitated by
specific type of channels and transporters that have affinity
for K* ions and work through exchange system (Wang &
Wu, 2013). Root epidermal and cortical cells are involved
in K uptake from soil. After K uptake into roots it is stored
in vacuoles, used for maintaining cellular functions as well
as transported to upper portion of plants via xylem (Ragel
et al., 2019). Formation of proteins, transfer of water,
nutrients, carbohydrates, photosynthesis, stimulate early
growth, insect and disease resistance K has an important
role (Abegaze, 2008).

Weed pervasion, imbalanced or sometimes no use of
fertilizers and some other factors such as calcareous nature
of soil, the availability of K to crop is limited due to which
yield and growth of crops such as maize will be affected
(Bukhsh et al., 2008; Khan et al., 2013). Potassium
deficiency in plants results in demolition of chlorophylls,
photosystem Il reaction center and increased production of
reactive oxygen species (ROS) such as superoxides and
peroxides (Qi et al., 2019). In case of K deficiency in soil,
plants roots tend to absorb more amount of Na* ions from
soil that causes greater accumulation of Na ions in cell as
well Na/K ratio is increased. A higher Na/K ratio is
harmful for many cellular functions like it causes ionic
toxicity, and photosynthetic activity of plant is reduced to a
greater extent (Du et al., 2017). A variety of techniques are
being used to manage nutrient supply of K especially in
soil where sources of K are low or in less soluble form.
These management techniques help the plants to maintain a
higher amount of K in cells and ultimately results in higher
growth of plants. Potassium is the seventh most abundant
element in earth’s crust in form of minerals like feldspar,
nepheline and leucite. Out of these, nepheline is a more
soluble form of potassium, so it is used as natural source of
K (Manning, 2010). In dried sea areas, K deposition
through crystallization process and salt deposition results
in formation of clay minerals. Salts of K like KCI, K;SO.
and KNOs are readily soluble in water so these salts can be
directly used for agricultural purposes (Stewart, 1985).
Green sand is olive-green colored sand with large pores
and contains readily soluble form of potassium with other
ions like calcium, magnesium and other micronutrients. So,

use of this sand as K source provides a source of natural
fertilizer of potassium (Hue & Silva, 2000). Potassium
thiosulphate (KTS) is a synthetic source of potassium that is
used in form of inorganic fertilizer. It is either directly applied
to soil or solubilized in water used in irrigation. Liquid product
of KTS contains 25% KO and 17% S which can be applied
alone, or it can be combined with other fertilizers like
ammonium polyphosphate or urea-ammonium nitrate to get
better results (Cai et al., 2018).

Increased demand of maize as cereal crop as well as for
other commercial purposes requires that its quality and
production level must be increased. Potassium as being third
most important macronutrient of plants and its regulatory role
in physiological functions, management strategies are implied
by farmers and agriculturists. This review article summarizes
natural and synthetic sources of potassium solely and in
combined form, their impact on growth and yield of maize and
somewhat comparison of different forms of potassium in term
of better maize production. This study will shed light on the
most suitable source of potassium for K deficiency
management in maize, and hence will be of great interest for
the readers.

Effects of synthetic fertilizer application on maize crop

The impact of potassium on sandy clay loam soil and corn as a
test crop was investigated by Bukhsh et al. (2011). They
applied different levels of potassium (0, 100, 150, 200, 250
Kg/ha). The results showed that increased plant density led to
higher plant bareness, resulting in fewer grains and lighter
cobs. The application of potassium reduced plant nudity in all
three hybrids, improving grain count and weight when applied
at 100-200 kg/ha. Another experiment conducted by Ali et al.
(2004) to check the response of corn to various levels of
potassium and irrigation frequencies. It was found that
potassium applied at 150 kg/acre increased tasseling days, 100-
grain weight, and yield. Weekly irrigation led to better cob
weight, 1000-grain weight, and days to tasseling. Germination
percentage and emergence were not significantly affected by
irrigation. Potassium applied at 90 kg/ha and 100 percent at
sowing time improved flag leaf values and area, while grain
yield showed a positive association with increased potassium
doses. The recommendation was to apply potassium @ 90
kg/ha at sowing time to boost corn efficiency. Asif et al. (2007)
conducted a study to assess the effect of timing and doses of
potassium on corn's phenology, leaf area, and grain yield. It
was observed that potassium timing and doses significantly
influenced yield, phenology, and flag leaf area. Reproductive
stages like tasseling, silking, and physiological maturity were
delayed at 60 kg/ha potassium application, while increasing K
to 90 kg improved them. Sowing potassium @ 100 percent did
not delay silking and tasseling. A 90 kg/ha K application with
100 percent at sowing time resulted in improved flag leaf
values and area. Corn grain yield positively correlated with
potassium doses, suggesting that 90 kg/ha at sowing time is
ideal. Celik et al. (2010) subjected sorghum and corn hybrids
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to potassium at different levels (0, 60, 120 kg/ha) and splits
(1 month and 2 months). Potassium had a significant effect
on various parameters in both sorghum and corn except
plant height.

The effect of potassium sulfate (K,SO.) at different
rates (50, 100, 150, 200 mm) was studied under 150 mM
sodium chloride stress (Kausar & Munazza, 2014). They
found that K,SO4 enhanced biomass production, increased
vital nutrient absorption, and improved soil quality in salt-
affected soils. Aslam et al. (2014) studied the role of
potassium in corn crops under drought conditions.
Drought-tolerant and sensitive hybrids were tested, and K
was applied at two different levels. Phosphorus had a more
pronounced effect when combined with specific corn
varieties and rates. Hamayun et al. (2011) studied the
effects of different levels of K and iron on corn's growth
and nutrient absorption. Increasing potassium and iron
levels improved dry weight, but high potassium levels
reduced concentrations of P, Mg, and Ca in leaves and
roots. Total concentrations of Fe increased with higher K
and Fe levels, although they decreased with high K levels.

Amanullah et al. (2016) investigated the impact of
basal and foliar supplementation of zinc and potassium on
corn under moisture stress conditions. They found that
potassium (1 - 3%) and zinc (0.1 - 0.2%) were effective in
enhancing growth and yield-related components under
water stress. Application in the vegetative stage was more
effective than in the reproductive stage. Tariq et al. (2011)
compared muriate of potash and sulfate of potash for their
effects on maize crop growth and yield. Both sources of
potassium resulted in increased growth and yield, with
muriate and sulfate of potash outperforming NPK fertilizer.
Sadiq et al. (2017) conducted a study on corn using
phosphorus and potassium treatments. Potassium @ 90
kg/ha increased various yield components, while
phosphorus @ 120 kg/ha improved yield components
associated with the development of vyield. The
recommended combination was 120 kg/ha of phosphorus
and 90 kg/ha of potassium. Salami and Saadat (2013)
explored the impact of potassium and nitrogen levels on
sugar beet in calcareous soil. They found that increased
potassium and nitrogen levels significantly improved sugar
beet root and leaf growth, fresh and dry weight, and sugar
beet yield. The combination of potassium @ 114 kg/ha and
nitrogen @ 285 kg/ha was recommended for enhanced
yield, nutritional status, and quality. Kakar et al. (2014)
investigated the application of NPK under moisture stress
conditions on corn. Foliar treatments significantly
increased physiological maturity, yield, and harvest index.
It was concluded that foliar application of NPK at a rate of
1% could enhance corn productivity.

Natural nutritional sources of potassium

Potassium deficiency has some major effects on growth,
physiology and yield of maize crop. But there are some

natural sources of potassium that can be implied to overcome
potassium deficiency. These natural sources include wood ash,
mined rock powder, manure, compost and other organic
material. Some of the previous work on natural supply of
potassium has been discussed briefly in the section below. To
study the effect of soil applied potassium and its timing of
application, 5 t/ha cattle dung was applied to soil and other plot
was without cattle dung. The NPK content of cattle dung was
1.13% N, 0.11 P,Os and 0.07% K;O. Results have shown that
phenological development (days to tasseling, silking and
physiological maturity) were delayed with lower rate of
potassium application. But phenological development was
accelerated in treatments with higher application of potassium
in form of cattle dung. Growth parameters, yield components,
grain yield and shelling percentage of maize crop are also
improved in case of cattle dung application in soil (Igbal &
Hidayat, 2016). Potassium deficiency can also be treated by
increasing K uptake from soil. Root exudates from microbes
and living plants help in increased mobility and uptake of K
from soil. Plants roots are inoculated with Bacillus spp.
Bacteria that increase root exudates helping the maize plants to
uptake the K in high concentration (Shin, 2014).

Organic manure is a worthy type of fertilizer because it can
supply fundamental and essential nutrients to soils. Nowadays
the main reasons for decreased yield of crops are inadequate
supply of fertilizer and poor fertility levels of soils and
management as well. So, application of fertilizer in organic and
inorganic form was carried out by Bilal et al. (2017). Maize
crop was used, and impact of fertilizer was evaluated on corn
crop. The data was recorded on seven quantitative
characteristics such as height of corn plant, area of leaf, days to
tasseling, number of grains, biological yield (kg/ha), 1000 of
weight grain (g) and yield of grain (kg/ha). Except for days to
tasseling, it was observed that all traits significantly differ from
each other when treatment was applied. The greatest area of
leaf was obtained through the application of poultry manure
while least was recorded in control where no treatment was
applied. Most extreme plant tallness (cm), grains count/cob,
1000 weight of grain (g) and yield of grain were observed in
treatment where compost was applied. While the least results
were observed in plots where no treatment was applied
(control). The outcomes pointed out that natural compost gave
great reaction for yield and its related attributes of corn in
comparison to inorganic manure.

Different crop residues are rich source of inorganic ions
like carbon, potassium and nutrition. These ions are readily
available to crops, while the decomposition of crop residues so,
these can be used as soil amendment for availability of K and
other inorganic ions. In addition to ions availability, it also
helps in nutrient retention, water availability, soil health and
increased crop performance. Potassium ions are highly mobile
from crop residues to soil and then to crop growing in that soil
as potassium is unbounded monoatomic cation (Thiyageshwari
et al., 2018). An experiment was conducted to study the effect
of crop residues and K management on maize productivity, K
mobility, and K assimilation of crop. Four crop residues level
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(0, 2, 4 and 6 mg/ha), five potassium levels (0, 50%, 100%
and 150%) and 50% recommended dose of potassium +
potassium solubilizing bacteria were used. According to
results, increased grain yield (10.17%), dry mass
production, K availability and uptake in maize was
observed @ 6 mg/ha dose of crop residues. Same results
were observed for 50% recommended potassium dose +
potassium solubilizing bacteria as compared to no K
(Madar et al., 2020).

Mined rock powder is another natural source of K for
plants but there is an issue in solubility of this powder in
soil so that potassium can be available to plants. For this
purpose, an experiment was conducted in a soil which was
fertilized with rocky K and P material along with K and P
dissolving bacteria [PDB
(Bacillus megaterium var. phosphaticum) and KDB
(Bacillus mucilaginosus and B. subtilis)] for finding the
availability and uptake of K and P in calcareous soil
(limited availability of K and P). According to results, co-
inoculation of PDB and KDB with rocky K and P material
increased K and P availability and uptake, root and shoot
growth in maize grown on calcareous soil (Abou-el-Seoud
& Abdel-Megeed, 2012). Seaweed has ability to
accumulate K as plenty amount of K is present in seawater.
So, seaweeds biomass can be directly used as a potassium
source for plants because it contains almost 2% of K that is
readily available to plants. But there is some problem in
transfer of seaweeds from oceanic area to farms so K can
be extracted from seaweeds biomass in liquid form and can
be directly applied to plants (Mikkelsen, 2007). Another
important source of naturally occurring potassium is wood
ash. It contains a high reservoir of K and in addition to it
wood ash and can also be used as soil amendment because
it contains carbonates and oxides. The potassium content
of wood ash is related to age of wood and older woods
have high amount of potassium (Gorecka et al., 2006).

Combined use of natural and synthetic potassium
sources

Several studies have showed that combine use of natural
and synthetic source of K provide more desirable results in
crop production, biomass and yield as compared to using
them solely. A 15-year study was carried out on maize and
wheat. Initially only nitrogen as nutritional source was
tested which resulted in no significant change in yield.
Afterward, nitrogen was combined with phosphorous and
potassium as plant nutritional source. This treatment
showed improved results in crops yield but remarkable

results were obtained when NPK along with organic manure
was applied to soil (Zhang et al., 2009). A field experiment
was carried out to study the combined effect of organic and
inorganic K sources on maize in form of compost of wheat and
rice straws as organic source while sulphate of potash as
inorganic source. Results have shown that treatment containing
25% compost and 75% sulphate of potash caused highest leaf
area index, leaf area duration, crop growth rate, dry mass
production, 1000-grain weight, seed yield, biological yield and
harvest index (Ali, 2016). Potassium is an essential nutrient for
plant production and yield, so another experiment was
conducted in which K-enriched compost from city market
waste along with potassium fertilizer was used to study its
effect on maize hybrid (Hycorn-11-plus). Results of this
experiment revealed that application of K-enriched compost
with 75% K fertilizer help to improve growth, yield and
potassium content of maize hybrid (Shah et al., 2019).

A field experiment was conducted to study the effect of
three levels of compost application along with four levels of
potassium fertilization on yellow maize hybrid ‘Poineer SC
30N11’. Compost was applied in three levels that were as 0, 5
and 10 ton/ha in main plots while potassium fertilization was
applied in four forms as untreated, nano-potassium
fertilization, humic acid and potassium sulphate. As a result of
this experiment, it was found that application of compost as
organic manure along with potassium forms significantly
improved plant height, ear length, grain numbers per row,
grains number per ear, 100-grain weight, biological yield, K
content and grain protein contents. Increased level of compost
to 5 and 10 ton/ha enhanced biological yield, K content and
grain protein. There was significant interaction between 10
ton/ha compost manure and 500 cm®ha nano-potassium, or 10
ton/ha humic acid as highest mean was obtained for all the
parameters with this combination (Kandil et al., 2020).

Biofertilizers in the form of microbes are important for
increasing maize production as the potassium solubilizing
bacteria help in increased uptake of potassium along with other
nutrients. A field experiment was carried out in which NPK
fertilizer along some microbes (Azospirillum brasilense and
Rhodotorula glutinis) were applied on maize crop. According
to results, plant height, grain index, grain yield, straw yield and
ear height were increased significantly in treated maize as
compared to control (El-Kholy et al., 2005). Another
experiment was carried out to check the combined effect of
NPK fertilizer with Azotobacter chroococcum, Bacillus
megaterium, Pseudomonas fluorescence and enriched
compost was tested for its performance on maize hybrid.
Highest dry mass production, grain yield and cob mass were
observed as a result of these inoculations (Umesha et al.,
2014).
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Table 1 Results of different form of potassium sources on maize crop production

Source of potassium

Form of potassium used

Results obtained

References

Synthetic
Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic
Synthetic

Synthetic

Synthetic

Natural

Synthetic

Natural

Natural
Natural
Natural

Natural and synthetic
combined

Natural and synthetic
combined

Natural and synthetic
combined

Inorganic K
Inorganic K

Inorganic K
Inorganic K

Inorganic K

Inorganic K

Murate of potassium

Combined potassium and
phosphorous

Potassium and iron
NPK fertilizer

Potassium and nitrogen

Potassium and zinc

Cattle dung

muriate of potash and
sulphate of potash

Crop residues
PDB and KDB with rocky

K and P material
Seaweeds

Wood ash

NPK and organic manure

Sulphate of potash and
compost of wheat & rice

NPK fertilizer and
biofertilizers

Increase in seed weight and
number of cobs

Enhanced tasseling days, 1000-
gram weight and yield

High leaf area, no of flag leaves
and grain weight

improvement in rate of growth,
yield of corn grains, amount of
NPK, oil protein and starch quality
High growth except plant height,
high grain yield and grain weight

Improved photosynthetic  rate,
relative water content, plant
potential,  transpiration  rate,

biological yield, weight of grain
and yield

Increase in plant height, 1000
grains weight, days to maturity,
tasseling, silking, leaf area index
and grain yield

Enhanced grain weight, number of
grains per cob, leaf area and length
of cob

Increased dry mass production
Highest increase in growth rates
Enhanced vyield, nutritional status
and quality

Increase in cumulative average
yield, corn productivity and
growth

Accelerated
development

phenological

Significantly higher Grain yield

Increased grain yield, dry mass
production, K availability and
uptake

Increased K and P availability,
uptake, root and shoot growth
Improved crop production
Increased availability and uptake
of potassium

Improvement in crop yield

Highest leaf area index, leaf area
duration, crop growth rate, dry
mass  production,  1000-grain
weight, seed yield, biological yield
and harvest index

Significant increase in plant
height, grain index, grain vyield,
straw yield and ear height

(Bukhsh et al., 2011)
(Ali et al., 2004)

(Asif et al., 2007)

(Bukhsh et al., 2009)

(Celik et al., 2010)

(Aslam et al., 2014)

(Liagat et al., 2018)

(Akther et al., 1999)

(Hamayun et al., 2011)
(Saleem et al., 2011)
(Salami & Saadat,
2013)

(Amanullah et al.,
2016)

(Igbal &
Hidayat, 2016).

(Tariqg et al., 2011)

(Madar et al., 2020)
(Abou-el-Seoud &

Abdel-Megeed, 2012)
(Mikkelsen, 2007)

(Gorecka et al., 2006)
(Zhang et al., 2009)

(Ali, 2016)

(Umesha et al., 2014)

PDB = Phosphorus dissolving bacteria; KDB = Potassium dissolving bacteria
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Conclusion

This article highlights the critical role of potassium as a
vital macronutrient in maize, contributing significantly to
both physiological and morphological functions. The
presence of abiotic and biotic stress factors can lead to
potassium deficiency in plants, disrupting their
functionality and resulting in ionic toxicity due to the
increased uptake of sodium and other ions. An elevated
Na/K ratio in maize plants induces water stress, which
hampers normal maize growth and ultimately leads to
reduced crop yields. Various potassium management
strategies are currently in practice, including soil
reclamation through the application of potassium-based
fertilizers such as NPK, muriate, and sulfate of potash, as
well as synthetic inorganic potassium sources. However,
there is a growing shift towards exploring organic sources
of potassium due to their cost-effectiveness and eco-
friendliness. Natural sources of potassium such as organic
manure, crop residues, wood ashes, mineral rocks,
seaweeds, and greensands are being widely used either
independently or in combination with synthetic sources.
Further research is essential to develop more economically
viable potassium sources derived from natural materials,
particularly in underdeveloped and developing countries
where this nutrient is in high demand.
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