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Abstract  

Potassium (K) is the third important plant nutrient after nitrogen (N) and phosphorous (P). It 

helps in growth and metabolism of plants. The proportion of soluble potassium in soil is 

generally low and more than 90% of potassium in soil is available in insoluble rocks and 

silicate minerals. Rhizospheric microorganism especially bacteria are having potential to 

solubilize insoluble form of potassium minerals into soluble form, that plants can easily 

uptake. Potassium availability in soil is about 90-98%, but whole portion is in unavailable 

mineral form this deficiency leads to unhealthy development of plants. Application of 

chemical fertilizers also causes severe damage to soil microflora and on totality soil health and 

crop yield. Utilization of microorganisms e.g., bacteria as bio-solubilizers of potassium is best 

alternative to overcome all commencing problems. With the application of biofertilizers soil 

health, crop yield, mineral solubilzation and their availability to plants will get enhanced. 

Different bacterial species are known to solubilize fixed form of potassium, there 

bioformulation not only makes potassium available to plants but also maintains soil health, 

crop yield and soil structure. Application of potassium solubilizing bacteria to agriculture 

crops will help in avoidance of chemical fertilizers that are highly hazardous to environment. 

This review provides an overview of potassium solubilizing microorganism and there 

utilization as biofertilizers, a concept of alternative technology to chemical fertilizers.  
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Introduction 

Potassium (K) is an essential macronutrient, abundantly absorbed cation which plays an 

important role in the growth, metabolism and development of plants. Potassium (K) 

constitutes about 2.5% of the lithosphere but actual soil concentration of this nutrient varies 

widely ranging from 0.04 to 3.0% (Sparks and Huang, 1985). The concentration of soluble 

Phosphorus and Potassium in soil is very low, and the biggest proportion of Phosphorus and 

Potassium in soil is available in insoluble form in rocks, minerals and deposits (Goldstein, 

1994). As Potassium being an important macronutrient for plant growth but potassium 

fertilizer, has been imported with large quantity annually. In Indian soils the soluble potassium 

form are present in about 2% and insoluble are present in range of 98% in form of minerals 

like muscovite, vermiculite, feldspar, mica, biotite (Akintokun et al., 2007). Therefore 

Potassium is richer than phosphorus and represents 2.6% of the weight of the Earth's crust 
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(Sangeeth et al., 2001). Plants are absorbing potassium from soil, without satisfactory 

potassium availability, the plants will have poorly developed roots, grow slowly, produce 

small seeds and have lower yields.  

Soil minerals make up more than 90 - 98% of soil potassium (Sparks, 1987) and most of it is 

unavailable for plant uptake. Rest 1 - 10% are non-exchangeable form of potassium in soil and 

consists predominantly of interlayer potassium of non-expanded clay minerals such as illite 

and lattice potassium in K-feldspars, which contribute significantly to the plant uptake 

(Memon et al., 1988; Sharpley, 1989). Weathering of rocks plays an important role in number 

of environmental processes to clay, silt and sand and these minerals are important component 

of soil in the Earth (Cockell et al., 2011). These are the biggest reservoirs of Phosphorus and 

Potassium in soil because, under appropriate conditions, they can be solubilized and become 

available for plants (Xiufang et al., 2006). Microorganisms are having potentiality to 

solubilize unavailable form of potassium and make that available to plants.  

Soil contains numerous important minerals but most significant minerals are nitrogen (N), 

phosphorus (P) and potassium (K), these nutrients is necessary for plants healthy growth and 

development. There are about thirteen mineral nutrients in the soil and they are classified into 

two categories which are macronutrient and micronutrient depending on the quantity required. 

Potassium is not a constituent of any organic molecule or plant structure, but it is involved in 

several biochemical and physiological processes and has essential role in growth, yield, 

quality and stress of plant (Cakmak, 2005). Potassium (K) being third major essential 

macronutrient for plant growth and development. The requirement of around five million 

tonnes of potassium fertilizers would be met through imports as India does not have 

commercially viable sources of potassium. India is totally dependent on import of potassium 

fertilizers.  
 

Potassium solubilizers 

Microorganisms are ubiquitous in nature and are found in every environment on earth. They 

can live in diverse environments because they have small requirements for sustenance 

including space and nutritional requirements. They have a boundless capability for adapting 

environmental changes. They are capable of producing different useful products that benefit 

science and society. The potassium solubilising microorganisms are rhizospheric 

microorganisms which solubilize the insoluble form of potassium (K) to soluble forms and is 

up taken by plants for their growth and yield. In natural Potassium and Phosphorus cycle 

microorganisms play vital role, most importantly different Potassium and Phosphorus 

solubilizing bacteria are isolated from soil and from plant rhizospheres (Sperberg, 1958). 

Numbers of bacterial species are having potential to solubilize inorganic phosphate 

compounds and silicates.  

Bacteria are known to solubilize potassium, silicon and aluminum from insoluble minerals 

(Aleksandrov et al., 1967). Potassium is important in plant growth and development because 
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the enzymes responsible for synthesis of starch (starch synthetase) are activated by Potassium 

that plays vital role in water and nutrient transport. Potassium is also important because it 

increases shelf life of crops (Prajapati et al., 2013). When we are looking for high crop yield 

we introduce high crop yielding varieties and the advanced strengthening of agriculture, the 

soils are getting depleted in potassium reserve at a faster rate. Due to unnecessary fertilizer 

application, potassium deficiency is becoming one of the major limitations in crop production 

and leads to search to find a substitute native (indigenous) source of potassium for plants. It 

will also help in maintaining potassium status in soils for sustaining crop production 

(Supanjani et al., 2006; Sindhu et al., 2012). It has been reported that application of potassium 

solubilising bacteria, Bacillus mucilaginosus, increased potassium availability in soils and 

amplified mineral content in plant (Sheng et al., 2002). Soil micro flora is known to play an 

important role in natural potassium cycle. Consequently, potassium solubilizing 

microorganisms present in the soil will act as solubilizers and makes unavailable form of 

potassium, available for plant uptake (Groudev, 1987; Rogers et al., 1998). Isolation and 

identification of microbial strains capable of solubilizing potassium minerals quickly can 

preserve our potassium resources. That will help in protecting environment from hazardous 

chemical fertilizers.  

Extensive variety of saprophytic bacteria including Pseudomonas, Burkholderia, 

Acidothiobacillus ferrooxidans, Bacillus mucilaginosus, Bacillus edaphicus, B. circulans and 

Paenibacillus sp. has been reported to solubilize potassium bearing minerals in soils and make 

them into accessible form for plants (Sheng, 2005; Lian et al., 2002;  Li  et al., 2006; Lue et 

al., 2012). Some important fungal species like Aspergillus sp. and Aspergillus terreus are 

known to carry out solubilisation of potassium. Xiufang et al., 2006 reported that diverse 

micro flora was found in the soil of Tianmu Mountain, Zhejiang, China with herbal plants 

flourished and they were able to dissolve both phosphorus and potassium containing minerals. 

As most of potassium solubilizing microorganisms are indigenous rhizospheric 

microorganism, they show effective interaction between soil and plant systems. The foremost 

mechanism of potassium solubilizing microorganisms is acidolysis, chelation, exchange 

reactions, complexolysis and production of organic acid.  
 

Potassium solubilizing microorganisms as bio-fertilizers  

In fact aapplication of potassium solubilizing bacteria as bio-fertilizer for agriculture and other 

related fields will improve eco-friendly crop production and due to this there will be reduction 

in use of agrochemicals (Kloepper et al., 1989; Requena et al., 1997; Sheng et al., 2003; 

Sindhu et al., 2010). Biofertilizers have been used as sources to improve plant nutrient status 

and soil health in sustainable agriculture. Excessive use of chemical fertilizers in agriculture 

are having adverse effects on soil health and structure, leads to depletion of water holding 

capacity, soil fertility and disparity in soil nutrients. However uses of biofertilizers in 

agriculture have tremendous impact on soil flora and crop yield. Biofertilizers are type of 
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fertilizers, in which useful microorganisms are used and that can be applied to seed, root or 

soil. These microorganisms help in mobilization and availability of nutrients especially NPK 

to the plants. They use their metabolic activities and help in building up the micro-flora of soil 

along enhancing soil health. From long time it was aim of scientists to develop low cost 

effective and eco-friendly bio-fertilizers which work without disturbing nature. The primarily 

mark of microbial involvement in solubilization of rock potassium had shown by Muentz 

(890). Due to indiscriminate use of inorganic fertilizers, soil health is badly getting 

deteriorated. These fertilizers have a considerable negative impact on the environment. In 

substitute to these chemical formulation, microbes based inoculants will have optimistic 

impact on soil health and also on crop yield.  
 

[ 

 

Figure 1: Potassium solubilizing bacteria showing 

solubilization zone on Aleksandrov Agar. 
 

The use of plant growth promoting rhizobacteria (PGPR), including phosphate and potassium 

solubilizing bacteria as biofertilizers, was suggested as a sustainable solution to improve plant 

nutrient and production (Vessey, 2003). The inoculation of potassium solubilizing bacteria and 

other useful microbial inoculants in the soil become compulsory to restore and maintain the 

effective microbial populations (Figure 1) They are used in for solubilization of chemically 

fixed potassium and availability of other macro and micronutrients to harvest good sustainable 

yield of various crops (Maliha et al., 2004). Rock potassium (K) materials are inexpensive 

sources of potassium; but they are not readily available to plant because minerals are released 

slowly and their use as fertilizer often causes insignificant yield increase in crops (Zapata and 

Roy, 2004). Potassium solubilizing bacteria are known to be best option for converting 

insoluble potassium of soil into a soluble form that plants can access. Potential of biofertilizers 

in long run are economical, eco-friendly, more efficient, productive and accessible to marginal 

and small farmers over chemical fertilizers. Potassium bio-fertilizers play key role in 

improving soil fertility, yield characters and thereby final yield (Epstein and Bloom, 2005). 

Potassium fertilizers are more expensive than other chemical fertilizers. Use of potential 
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potassium solubilizing microorganisms should be applied for solubilisation of fixed form of 

potassium to an available form of potassium. Numerous information has been reported in 

regard of ability of different bacterial species to solubilize insoluble inorganic phosphate 

compounds, such as tri-calcium phosphate, di-calcium phosphate, hydroxyl-apatite, and rock 

phosphate. Among the bacterial genera following are capable of solubilisation: 

Pseudomonades, Bacillus, Rhizobium, Burkholderia, Achromobacter, Agrobacterium, 

Microccocus, and Aereobacter. As earlier reported, utilization of potassium solubilizing 

bacteria as biofertilizers for agriculture improvement can reduce the use of agrochemicals and 

support eco-friendly crop production (Gundala et al., 2013). 

Unselective use of artificial / chemical fertilizers has led to the contamination and adulteration 

of the soil, spoiled water basins, ruined microbial flora of soil and eco-friendly insects. 

Application of inorganic fertilizers makes crops more susceptible to diseases and reduce soil 

fertility and soil health. Solubilization of potassium is primarily due the production of organic 

acids by potential microbes. Application of potassium solubilizing microbes will help the 

farmers in mobilization of potassium present in field soil. Due to rare uptake of fertilizers 

including potassium by plants, they (fertilizers) reache into water bodies through rain water, 

lead to eutrophication in water bodies and affect all flora and fauna. Most of the farmers use 

only nitrogen and phosphorus and not use the K fertilizer due to unawareness so that the 

problem of potassium deficiency occurs in rhizospheric soils. The use of microbial inoculants 

or bio-formulations as biofertilizers in sustainable agriculture will provide an alternative tool 

to chemical fertilizer. Application of such bio-formulations in agriculture fields, leads to soil 

health improvement, soil structure, water holding capacity of soil and total crop yield and they 

also enhance resistance of plants to soil born pathogens.  
 

Conclusion  

In the environmentally conscious world consumption of food material treated with pesticides 

or chemical based fertilizers is disregarded, and the food materials produced through organic 

farming are gaining preference. Similar is case with application of chemical fertilizers as 

source of potassium, which directly leads to the spoilage of soil, human health, crop in general 

and whole together an environment. There are possible ways out to make alternative strategies 

to such hazardous chemicals by application of bio-formulations of bacterial/fungal origin. 

Utilization of potential potassium solubilizing microorganisms for availing insoluble form of 

potassium from rocks or other sources to soluble from, for plant growth and development. 

Thus use of efficient microbial strains for solubilisation of potassium is a progressive approach 

to avoid chemical fertilizers and to improve soil health, soil micro flora and crop yield.  
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