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ABSTRACT 

For plant growth and development, potassium (K) is important. It is involved in plant cellular 

osmotic pressure change and compound transport in plants. It promotes enzyme activation, 

nitrogen utilization, and sugar and protein synthesis.It also improves photosynthesis in plants. 

K deficiency causes yellowing of the leaf edges in plants, giving them a burnt look. Slow 

growth and incomplete root development may also be caused by it. Supplementation of soil 

potassium depends heavily on the use of chemical fertilizer, which has a major negative 

effect on the environment. Plants are only able to get k through the soil. In India, the 

detrimental use of chemical fertilizers has a significant adverse effect on the economy and 

environmental sustainability.The need to return to nature or sustainable agents that encourage 

evergreen agriculture is growing. Among these natural bio-agents, one such alternative is 

considered to be potassium solubilizing micro-organisms which solubilize fixed forms of 

potassium in soil via different mechanisms, including acidolysis, chelation, exchange 

reactions, complexity and organic acid productionKSM represents an immense opportunity 

for changing the challenges of the agricultural sector. In making potassium available to 

plants, potassium solubilizing microorganisms play a vital role in that solubilize potassium 
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from insoluble forms such as feldspar, mica through the processing of organic acids and 

various enzymes. This review workcovers the work done on various potassium solubilizing 

microorganisms and their effects on plant’s growth. 

Keywords: Bio-fertilizer, potassium solubilization, plant and bacteria interaction, PGPRs, 

potassium bearing minerals 

INTRODUCTION 

Feeding an increasing world population 

that is expected to reach 9 billion by 2050, 

embracing more effective and sustainable 

methods of production, responding to 

growing concerns about natural resource 

management. Some of the major challenges 

that agriculture will face in the 21st century 

are adjusting to climate change and drought 

conditions in many developing regions [24, 

31]. 

Agriculture must be intensive and 

sustainable in the future to feed the 

growing world population. It is however, 

well established that food production by 

agriculture can generally not be maintained 

unless the nutrients extracted from the soil 

are replaced as a result of increased crop 

production. An adequate quantity of one or 

more important plant nutrients is missing in 

many agricultural soils, such that plant 

growth is suboptimal. Farmers have 

become increasingly dependent on 

chemical fertilizer sources to avoid this 

issue and achieve higher plant yields [25]. 

While chemical fertilizers have helped 

grow plants, the properties of the soil have 

not changed. Constant use of chemical 

fertilizers, primarily phosphorous, 

nitrogenous, and potassium fertilizers, is 

well known to have adverse environmental 

effects [2, 24]. 

Constant use of chemical fertilizers, 

primarily phosphorous, nitrogenous, and 

potassium fertilizers, is well known to have 

adverse environmental effects [2, 24]. The 

populations of most developing countries in 

the world continue to grow at controlled 

rate; one of the biggest challenges facing 

the human population would be the 

demands put on agriculture to provide 

future food [49]. A great deal of effort is 

required to overcome this problem by 

focusing on the soil biological system and 

the agro-ecosystem as a whole, allowing 

for a deeper understanding of the dynamic 

processes and interactions between soil and 

plant micro-organisms regulating 

agricultural land stability.Soil is a lively 

natural body on the surface of the earth. 

There are many minerals in the soil that 

contain essential elements, but nitrogen 

(N), phosphorus (P), and potassium (K) are 

the most common minerals [49]. The third 

significant plant nutrient is K.It plays a key 

role in the development, metabolism, and 

growth of plants. The plants would have 
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poorly formed roots, grow slowly, produce 

small seeds and have lower yields without 

sufficient potassium supply [45, 95] and 

increased vulnerability to diseases and 

pests [6, 10, 5, 91]. In plants where 

agricultural soils lack adequate phyto-

available K for crop production, the 

requirement for K increases sometimes 

[67]. In both intensive and comprehensive 

agricultural systems, it is typically 

delivered as K-fertilizers [61, 22, 62, 99, 

105]. Significant areas of the world's 

agricultural land are deficient in potassium, 

including three-fourths of China's paddy 

soil and two-thirds of Southern Australia's 

wheat bel [49]. 

Globally, high inputs of chemical fertilizers 

such as nitrogen (N), phosphorus (P) and 

potassium (K) have been used to improve 

crop growth and productivity [73]. In the 

meantime, the intensive use of N, P and K 

chemicals has resulted in a dramatically 

destructive improvement in soil properties 

and environmental quality. However, 

research on the relationship between the 

use of fertilizers and their negative 

environmental effects are minimal [73]. It 

is therefore appropriate to explore and 

recognize alternative methods that can 

guarantee competitive crop yields and 

environmental health while ensuring the 

sustainability of the agro-ecosystem [106, 

34]. The use of microbial inoculants or 

plant growth-promoting (PGP) bacteria in 

soils has recently been shown to be a 

promising method in intensive agricultural 

production systems around the world for 

sustainable production [19, 21, 42, 73]. 

Potassium in soils: 

The third most important common nutrient 

in the soil is potassium, the most abundant 

cation in plant cells and the most abundant 

nutrient in the leaves after N [51, 96]. It is 

less abundant than P [70] than N and 

accounts for 2.6% of earth crusts by weigh 

[68]. In the soil, the rich sources of K are 

igneous and sedimentary rocks. Igneous 

rocks such as syenites (approximately 54 g 

K kg-1), granites (approximately 46 g K kg-

1), basalts (approximately 7 g K kg-1) and 

peridotites (approximately 2 g K kg-1) have 

a higher K content than sedimentary rocks 

such as clay shales and lime stones 

containing approximately 30 g kg-1 and 6 g 

kg-1 [43]. Mineral soil K concentration 

varies between 0.04 and 3% in the 

lithosphere [89] and 3000 and 100,000 kg 

K ha-1 are present in surface soils [71]. Out 

of these total K contents, 98% K is present 

in non-exchangeable form (silicate minerals 

such as mica and feldspar [78, 54] and the 

remaining 2% is available in a plant uptake 

solution [18, 50]. Non-exchangeable K, 

which differs from mineral K, is another 

type of K in soil. The non-exchangeable K 

is retained between the trioctahedral and 

dioctahedral micas, vermiculites, and 

intergrade clay minerals of neighbouring 
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tetrahedrallayers [86]. In these interlayers, 

non-exchangeable K+ ions are retained and 

coulombically bound to the negatively 

charged interlayer surface sites [35]. These 

binding forces surpass the hydration forces 

between individual K+; the crystal structure 

then partially collapses, and K+ is 

physically trapped within structures [44]. 

Depending on the different soil parameters, 

these non-exchangeable K-pools are 

moderately to sparsely accessible to plants 

[28, 86]. K+ can be released from this 

complex structure when levels of solution 

K are reduced [23] by plant removal or 

leaching [84] and perhaps the equilibrium 

K from the non-exchangeable pool is 

released by significant increases in 

microbial activity [71]. 

Potassium availability to plants is highly 

dependent upon type of minerals with 

respect to bio-availability, and the most 

important K minerals are muscovite (white 

mica) KAl2 (AlSi3O10) (F,OH)2, or 

(KF)2(Al2O3)3(SiO2)6(H2O), which is a 

phyllosilicate mineral of aluminium and 

potassium; biotite (black mica) 

K(Mg,Fe)3Al2Si3O10(OH,F)2 and orthoclase 

(KAlSi3O8), potassium-taranakite, zeolite, 

vermiculite, chlorite, glauconite, illite [59]. 

Among these, biotite and muscovite mica 

groups are of particular interest since they 

are a major source of many essential 

nutrients such as Mg, K, Mn and Zn and 

are more readily soluble than other 

minerals [87]. Thus, in soils with mixed 

minerals, such as in Pakistan, where 

approximately 57% of the K applied is 

fixed, K transformations are very complex 

[57] because of high pH, the presence of 

non-expanded clay minerals such as 

vermiculite (Mg, Fe++, Al)3 (Al, Si)4 O10 

(OH)2 (4H2O) and illite (K, H3O)2 (Si, Al)4 

O10 [(OH)2, (H2O)]2 (Al, Mg, Fe)2 (Si, Al) 

[27]. The bio-availability of K in various 

pools, however, follows the order solution 

> replaceable > fixed >mineral [85, 71]. 

Only K can be absorbed from the solution 

by plants and microbes [56], which is 

typically very low in concentration (1-2%), 

and readily subject to leaching/fixation. 

After plant and microbe removal of K, K is 

released from mineral and non-

exchangeable pools to maintain a balance 

between strength and quantity phases [86, 

26]. Solution K is depleted with time due to 

intensive agriculture-driven continuous 

plant uptake, and its low concentration 

(0.1–0.2 percent) is not adequate to meet 

plant growth(showing ∼5% of total crop 

demand) [80, 49]. This condition is worse 

in Southeast Asian, African and Oceanian 

countries because of a small reserve of 

minerals containing natural K. K-released 

from two other K reservoirs 

electrostatically bonded to humic 

substances and clay minerals, namely 

exchangeable K (EK) and slowly 

exchangeable K (SEK), to preserve 
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equilibrium, make up 1-2% and 1-10% of 

total soil K, respectively [46]. This EK is 

retained in the soil by negatively charged 

clay minerals and organic matter, which is 

slowly released by mineral weathering and 

easily exchanged to become bio-available 

by other cations from both sites (EK and 

SEK) in the form of K+ ions [51, 71]. 

K-solubilizing microorganism (KSMs): 

In the solubilization of insoluble and glued 

kind of K into usable forms of K readily 

absorbed by plants, a various community of 

soil micro-flora has been reported to be 

involved [38, 103, 30]. Microbial 

inoculants that are capable of dissolving K 

from minerals and rocks, increasing the 

expansion and yield of plants, additionally 

being economically viable and 

environmentally sustainable. The first proof 

of microbial involvement in rock potassium 

solubilization was shown by Muentzz 

(1890). A broad kind of KSMs are reported 

to release potassium in accessible form 

from K-bearing minerals in soils, namely 

Bacillus mucilaginosus, Bacillus edaphicus, 

Bacillus circulans, Paenibacillusspp., 

Acidothiobacillus ferrooxidans, Pseudomonas, 

Burkholderia [75, 32, 65, 41, 15, 82]. 

Several fungal and bacterial species, 

commonly referred to as KSMs, aid the 

growth of plants by mobilizing insoluble 

forms of K. KSMs, whose numbers vary 

from soil to soil, are ubiquitous. 

Rhizospheric microorganisms make an 

important contribution to the solubilization 

of bound mineral types in the soil [88, 39, 

81]. Solubilizers of silicate minerals have 

been shown to have a number of soil 

microorganisms [78]. Even on the surface 

of mountain rocks, many microorganisms 

such as bacteria, fungi and actinomycetes 

have been colonized [29, 30] stated that the 

silicate solubilizing bacteria B. Sub spp. of 

mucilaginosus. Siliceus frees K from 

aluminosilicates and feldspar.According to 

Aleksandrov [3], which were isolated at 

different locations from agricultural land 

and found that various bacterial species 

such as silicate bacteria were found to 

dissolve K, silicates and aluminium from 

insoluble minerals, it also assisted in 

organic matter decomposition, crop 

residues, etc., and indicated that they play a 

major role in the cycling of nutrients in the 

soil-plant system.B. Mucilaginosus stain 

CS1 is a silicate bacterium that has shown 

inhibitory activity on gram-negative 

bacteria growth [49]. Silicate solubilizing 

bacteria present in the rhizosphere and non-

rhizosphere soil have also been recorded as 

[39, 40]. K-solubilizing rhizobacteria were 

isolated from the roots of cereal crops 

grown in soil modified by potassium and 

silicate [52]. Hutchens [33] reported that 27 

heterotrophic bacteria strains were isolated 

and grown in liquid and solid minimum 

media as well as mica containing media 

under aerobic condition [49]. 
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In the solubilization of insoluble and fixed 

forms of K to available forms of K taken up 

by plants, a diverse community of soil 

microorganisms has been reported to be 

involved [17]. The first proof of microbial 

involvement in rock potassium 

solubilization was shown by Muentzz [17]. 

A number of microorganisms have been 

reported to release potassium in accessible 

form from k minerals in soil, namely 

Bacillus mucilaginosus, Bacillus circulans, 

Bacillus edaphicus, Acidothiobacillus 

ferrooxidans, pseudomonas, Burkholderia 

[17]. In order to solubilize silicate minerals, 

a number of soil microorganisms have been 

found. Arthrobacter sp., Paenibacillus 

mucilaginosus, P. frequentans, Enterobacter 

hormaechei (KSB-8), Cladosporium, 

Aminobacter, Sphingomonas, Burkholderia, 

Paenibacillus glucanolyticus [17]. Potassium 

solubilizing fungi (KSF) strains such as 

Aspergillus terreus and Aspergillus niger 

were isolated from different soil samples 

rich in K and increased soil fertility was 

observed [17]. 

Many microbes, such as fungi, bacteria and 

actinomycetes, are capable of colonizing 

rock surfaces [30]. Silicate solubilizing 

bacteria (B. mucilaginosus sub sp. siliceus) 

can release K from feldspar and 

aluminosilicate minerals among these 

microbes, as well as from organic matter 

decomposition and crop residues [3]. K 

solubilizing rhizobacteria (KSR) such as B. 

mucilaginosus stain CS1 have been isolated 

from the roots of a variety of crops grown 

in K and silicate modified soil [52]. These 

microbes are present in both the 

rhizosphere and non-rhizosphere soil 

silicate solubilizing [39, 48, 47, 101]. From 

the last decade, a big number of bacterial 

species were found which involved with K 

solubilization including B. mucilaginosus 

[14, 103], B. edaphicus [76], Burkholderia 

sp., B. circulanscan [39], A. ferrooxidans 

[32] Arthrobacter sp. [103], Paenibacillus 

glucanolyticus [69], Paenibacillus 

mucilaginosus [32, 41]. These bacteria can 

do some degree solubilize K into the plant 

form available, but only a few bacterial 

strains, such as B. mucilaginosus. In 

solubilizing K minerals, Edaphicus is 

highly effective [76, 41]. A few strains of 

fungi, such as A. Niger.andA.Terreus, 

which has been isolated from soil samples 

rich in K, can also solubilize insoluble K 

[53]. In addition to above mentioned 

microbes, some others including 

Paenibacillus mucilaginosus [41], Arthrobacter 

sp. [103], Cladosporium [9], Paenibacillus 

glucanolyticus [69], Aminobacter, Penicillium 

frequentans, Burkholderia, Sphingomonas [92], 

Pseudomonas have the ability to solubilize both 

K and P [71]. 

Plant growth promotion (PGP) activities: 

Through various direct and indirect growth 

promotion mechanisms, the KSMs support 

plant growth. KSM inoculation in the soil 
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improves nutrient uptake, promotes K 

solubilization, decomposition of organic 

matter and many other functions [36]. 

Microbes play a vital role through direct 

mechanisms in N2-fixation, P-

solubilization, development of plant growth 

hormones like auxin, cytokinins, ethylene, 

IAA and GA3 [77], production of organic 

acid and solubilization of K Alexander 

1977 [77, 58]. Microbes improve plant 

growth through the development of 

siderophores, antibiotics, H2S, antifungal 

compounds, starch hydrolysis and cellulose 

degradation in indirect mechanisms [48]. In 

most cases, KSMs also encourage plant 

growth through these beneficial 

mechanisms [39]. Increased nutrient uptake 

and promotion of plant growth are usually 

attributed to plant growth hormones 

released in the soil and plant rhizosphere 

and useful for root growth [36]. The key 

characteristics of KSMs willsolubilization 

from K mineral, which significantly 

enhances soil fertility status and eventually 

promotes plant growth [65]. The use of 

Potassium solubilizing microorganisms for 

growth promotion is a sound approach that 

can restore unproductive soils [15, 65]. 

Several studies have examined the effect of 

KSMs on plant growth and the 

solubilization of K mineralsBacillus 

mucilaginosus inoculation in nutrient-

limited soil showed a positive response to 

growth and eggplant yield. In addition, in 

soil modified with K minerals and B 

Mucilaginosus, maximum K release and 

uptake were observed byHan and Lee, 

2005.Frateuria aurantia belonging to the 

family Pseudomonaceae substantially 

improved K solubilization and plant growth 

upon inoculation, according to the findings 

of Ramarethinam and Chandra [66]. In this 

analysis, K solubilization and PGP 

activities were indicated to be due to the 

secretion of organic acids and enzymes 

formed by KSMs [71]. Such microbes can 

release organic acids that affect the release 

of K from structural compounds.In 

addition, various types of substances that 

promote amino acids, vitamins and plant 

growth  promoters are released, such as 

gibberellic acid (GA3) and indole-3-acetic 

acid (IAA), which help to plants achieve 

maximum growth [63, 83]. In the presence 

of B, high production of auxin was 

observed. NBT strain of edaphicus, which 

ultimately enhances plant growth. The NBT 

strain has a high solubilization capacity for 

K and was found to optimize cotton and 

rape growth [77, 71]. 

Effect of KSMs on plant growth and 

yield  

Seed inoculation and seedling treatment of 

plants with KSMs generally showed a 

substantial increase in the percentage of 

germination, seedling vigor, plant growth, 

yield and K uptake by plants in field and 

greenhouse [13, 15, 14, 100, 82, 11, 105]. 
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Aleksandrov [4] first reported the use of 

organic minerals with a combination of 

silicate bacteria to increase plant growth 

and maize and wheat yields. More 

specifically, research conducted on field-

level test crops such as wheat, forage crops, 

maize, and sudan grass crops showed that 

KSMs could significantly reduce the use of 

chemical or organic fertilizers [98]. As 

previous researchers have stated [82, 79, 

104] the improvement of plant K nutrition 

may be due to the stimulation by unique 

microorganisms of ramroot growth or the 

elongation of root hairs. Therefore, no 

direct increase in soil solution K's 

availability is anticipated. The KSMs were 

isolated from different plants' rhizospheric 

soil and from potassium bearing minerals 

such as wheat feldspar [75], Ceramic 

industry soil [64],  potato–soybean 

cropping sequence [20], Iranian soils [103], 

mica core of Andhra Pradesh [30], 

biofertilizers [102], common bean [37], 

sorghum, maize, bajra, chilli [7], cotton, 

tomato, soybean, groundnut and banana [8], 

soil of Tianmu Mountain, Zhejiang 

Province China [32], rice [55], tea [12], 

valencia orange [72], black pepper [69], 

potato [1], another beneficial effect of 

microorganisms with K-solubilizing ability 

is growth through improvement by N-fixer, 

P, and K-solubilizers [94, 93, 15]. [82] 

Singhcarried out a hydroponics analysis to 

determine the impact of B. Azotobacter 

chroococcum, mucilaginosus, and 

Rhizobium spp. On their ability to mobilize 

K from waste mica under a phytotron 

growth chamber using maize and wheat as 

the test crops [49]. Substantial K 

assimilation was recorded for maize and 

wheat, where waste mica was the sole 

source of K, which was transformed into 

higher biomass accumulation, K content 

and plant uptake, as well as chlorophyll and 

crude protein content in plant tissue [49]. 

Within the rhizobacteria, B. Mucilaginosus 

has resulted in substantially greater 

potassium mobilization than A. 

Chroococcum and inoculation with 

Rhizobium. Research into K mobilization 

by the wild-type strain NBT of B, 

according to [74]. In a pot experiment, 

Edaphicus, wheat was grown on yellow-

brown soil with a limited amount of K 

available. The root growth and shoot 

growth of wheat were significantly 

increased after inoculation with bacterial 

strains and they had higher NPK content of 

plant components compared to those un-

inoculated [49]. 

CONCLUSION  

Microorganisms of the rhizosphere 

contribute substantially to the solubilization 

of fixed types of soil minerals K in soil 

solution K. It has been shown that soil 

inoculation of KSMs improves the 

solubilization of insoluble mineral K, 

resulting in higher crop efficiency. In 
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addition to the K-solubilizing capacities, 

the KSMs have the capacity to generate 

plant growth hormones, ammonia, 

siderophore and phosphorus solubilization, 

etc. Although KSMs are abundant in many 

soils, they have not been successfully 

commercialized at present and are therefore 

still found to be limited in their 

application.This communication 

highlighted the contribution of rhizospheric 

soil K-solubilizing microorganisms to the 

production of efficient indigenous 

microbial consortia needed to boost plant 

growth and yield of different crops as well 

as to improve soil fertility.In order to 

improve sustainable agriculture, this sort of 

microbial consortium is cost-effective and 

environmentally friendly. 
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