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ABSTRACT 

Potassium (K) is one of the major mineral elements required to sustain plant growth, and also involved in 

several key plant physiological and metabolic processes. With considerable application of nitrogen (N) and 

phosphorus (P) fertilizers, sustainable K management for crop plants lacks overall prudence in relation to 

its widespread deficiency in Pakistan. Farmers are usually unaware of the K deficiency due to their lack of 

information on soil K reserves and irrational fertilizer recommendations. The crop yield losses associated 

with K deficiency have gained its due attention among farming as well as scientific community in recent 

time. With increasing fertilizer cost, environmental degradation and declined food quality, it is therefore 

important to have an eco-friendly K management plan for better crop productivity. Maize is an exhaustive 

crop that removes large quantities of plant nutrients and requires relatively higher soil fertility for higher 

biomass production. Perpetual K deficiency in soil is one of the major constraints to achieve the higher 

production potential of maize in Pakistan. Use of plant beneficial microbes have recently been emerged as 

an effective biofertilizer option to improve plant growth and soil quality. Certain microbes solubilize and/or 

mobilize various fractions of K by releasing acidic metabolites thus improve plant nutrition. In this project, 

we conducted the isolation of potassium solubilizing bacteria (KSB) from the rhizosphere soil, collected 

from different maize growing areas of Punjab, Pakistan. The KSB were purified and screened both on 

qualitative as well as quantitative basis in the K supplemented media. Four of the isolates, belonging to 

Kelsiella, Ensifer and Arthrobactor species, were found more efficient in solubilizing K and exhibited 

higher potential of plant growth promotion. Furthermore, growth conditions (i.e. temperature, pH and 

carbon source) were optimized for K solubilization of KSB and showed that glucose was best carbon source 

when provided at 25 ºC and 7 pH. Most efficient KSB strain, identified as Klebsiella oxytoca strain 1374, 

was tested against five different sources of K [soil K, waste mica, K2SO4, waste mica enriched compost 

(WM-EC) and K2SO4 enriched compost (K2SO4-EC)] on maize as a test crop under pot and field conditions. 

The results from the pot and field trials during first year of crop experiments, showed that maize growth, 

yield, grain quality and soil health indicators were substantially improved by both mineral and compost 

enriched K2SO4 under KSB inoculated conditions. During both pot as well as field trials of first year, use 

of WM-EC along with KSB inoculation not only improved soil health parameters successfully, but also 

improved maize growth, yield and grain quality compared to both control and WM treatment. In second 

year trial under field conditions, we employed different combinations of K sources [i.e. 100% K2SO4, 25% 

WM-EC + 75% K2SO4, 50% WM-EC + 50% K2SO4, 75% WM-EC + 25% K2SO4 and 100% WM-EC] and 

found that combination of 25% WM-EC + 75% K2SO4 integrated with selected KSB inoculant improved 

maize K nutrition and soil potassium fertility. It can be concluded that K amendment i.e. K enriched 

compost combined with the most efficient KSB inoculant can improve the production potential of maize 

by improving plant K nutrition as well as soil K fertility.    
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CHAPTER I 

INTRODUCTION 

Agriculture sector of Pakistan is the largest contributor of national economy as it facilitates the 

provision of raw materials for industrial sector.  Growth and development of agriculture sector is 

of paramount importance because of its potential significance in poverty reduction.  Agricultures 

shares approximately 19.8% of value addition in total national GDP and provides employment 

by engaging nearly 42% of labor force (GOP, 2016).  

Maize (Zea mays L.) crop is one of the most important cereal crops and 3rd most 

important food crop to meet energy and protein needs of basic human diet (Bukhsh et al., 2011). 

Expansion of modern agricultural practices along with adoption of high yielding crop cultivars to 

meet global food demands have caused agriculture intensification. Low organic matter content 

coupled with depleting soil fertility is the major production constraint for agriculture in Indo-

Gangetic region (Shahzad et al., 2017). Imbalanced fertilization trends in contemporary 

agriculture has shown some startling effect both on crop productivity and yield sustainability 

(Pretty, 2008). In Pakistan, farmers are generally inclined to focus mainly on nitrogen (N) and 

phosphorus (P) fertilisation, and neglect potassium fertlization altogether assuming that soil 

potassium (K) levels are sufficient to support crop growth. Consequently, soil with rich 

potassium (K) fertility are now fast becoming K deficient because of exhaustive patterns of 

modern/commercial cropping, surface or sub-surface runoff, leaching after heavy irrigation or 

rainfall, soil erosion and inadequate or unwise supply of K fertilizers (Sheng and Huang, 2002).   

Wheat-cotton rotating areas of Punjab, Pakistanhave been revealed to face almost 3.0 mg 

kg-1 per annum descent in soil K (Mian and Ahmad, 2007; Bhatti, 2011). These statistics have 

shown a distressing fall of 90 mg kg-1 in soil K within last three decades in areas where such 

exhaustion was not replenished by chemical fertilizer usage. Soil K situation may be even worst 

in areas where K-exhausting crops like potato, maize and sugarcane are under rotation. Soils 

with ample reserves of plant available K in soil few decades back are now featuring enough K 

deficiency to be shown by plants in both exhaustive and less exhaustive crops (Wakeel et al., 

2013). But the magnitude of K trouble did not extend to the intensity of other macronutrients 

(Mian et al., 1998, 2009; Wakeel et al., 2013).  
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Potassium is among the essential plant nutrients and involved in various physiological 

and biochemical processes. It is most amply necessitated nutrient for plants after N (Zhang and 

Kong, 2014). It comes across the chemical activation of around 80 enzymes in plants inspite of 

not having any place in enzyme structure or any other biomolecule in plant (Maathuis and 

Sanders, 1998; Wei and Layzell, 2006; Siddiqui et al., 2012). Significance of sufficient K supply 

is not restricted to plant growth only as it also contributes towards quality of agriculture product. 

In general, K triggers synthesis of cells, activiation several key enzymes, nutrients transportation, 

translocation of photosynthate and conferring plant resistance against abiotic and biotic stresses 

(Epstein and Bloom, 2005; Pettigrew, 2008; Oosterhuis et al., 2014). Plant K concentration 

fluctuates from 0.4 to 4.3% of dry weight of plant depending upon nature of plant, time of the 

year, site of crop growing, soil mineralogy and amount of K fertilizer applied (Askegaard et al., 

2004). Crops with scarce supply of K usually showed stunted plant growth with feebly 

developed roots and frail stalks, and eventually caused the lodging of crops. Increased crops 

susceptibility for various biotic and abiotic stresses is another impediment that may be originated 

from K deficiency induced disturbed plant physiology (Shin and Schachtman, 2004). 

Extent of soil solution K, in addition to K fertilizer application, depends on profile 

development stage of soil as well as type and amount of clay along with other soil factors. 

Potassium fixation to the soil minerals judgemently influences the availability of applied 

fertilizer K to plants (Akhtar and Dixon, 2013). Soils with profound amounts of illite and 

vermiculite tend to pose a “hidden thrust” for applied K, eventually, leading to interlayer 

fixation. This phenomenon of K fixation appears to be more critical under Indus basin soil 

conditions where soils are of micaceous origin (as mica is more efficient in K fixation) and 

fertilization is imbalanced (Sparks, 1987; Wakeel et al., 2014). Periodic wetting and drying also 

affects both fixation and release of interlayer K from clay minerals. Rate of fixation is much 

higher as compared to the release of K ions from interlayer space because of available higher 

affinity binding sites for K ions. (Oborn et al., 2005). Therefore, soil solution K balance is key 

factor influencing both fixation and release of K ions and thus can shift the rate of K equilibrium. 

Moreover, decrease in soil pH through root exudation or organic matter decomposition provide 

one of the several ways for plant can acquire K for optimum plant growth and productivity 

(Schneider et al., 2013; Meena et al., 2013). 

Soil microbes are integral participant of nutrient biogeochemical cycling and fundamental 
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factor of soil biochemistry (Mallarino et al., 1999; Brady and Weil, 2010; Bargout and Raizada, 

2013). Plant growth promotion through production and secretion of different enzymes and being 

stress alleviation partner of plant are further obliging characteristics of soil microbes. These 

microbes perform a critical role in natural K cycling, like other nutrients, and bacteria involved 

in manuplating Al, K and Si from clay minerals of soils were designated as silicate bacteria, 

because of Si solubilization (Aleksandrov et al., 1967; Basak and Biswas, 2008), afterwards the 

lable K-solubilizing bacteria (KSB) was taged for these bacterial communities. KSB are among 

populated communities in soil especially the portion associated with plant roots (Sperberg, 1958; 

Basak and Biswas, 2008; Archana et al., 2013; Zhanga and Konga, 2014).  Aluminosilicates are 

dominant minerals of K in most agricultural soils. A steady availability of K to plants is more 

promising for K-nutrition of plants, in comparison to soluble K fertilizers which ensure its abrupt 

provision to plants (Bertsch et al., 1985; Meena et al., 2013). Bacterial solubilization of 

aluminosilicate mineral for augmentation of crop growth as well as final produce is more 

environemtally fair, if some cheaper sources of waste K minerals are applied to crops. 

Agronomic efficacy may be compromised due to slow or delayed solubilization in natural soil 

environment (Rajan et al., 1996; Zarjani et al., 2013). Hence, K-solubilizing bacteria offer an 

ecofriendly option to solubilize fixed sources of K such as K-rich materials viz. orthoclases, mica 

and illite by producing plant available K. Mechanism of biological K solubilization is invoked by 

various organic acids generation leading to release of soluble K through complexation of Si ions 

(Aleksandrov et al., 1967; Bennett et al., 1998; Zorb et al., 2014; Zhang and Kong, 2014). 

Among soil bacterial communities, a wide array of bacteria with strong capability of K 

solubilization has been identified. These communities have some more active members like 

Burkholderia sp., Acidothiobacillus ferrooxidans, Bacillus mucilaginosus, Paenibacillus and 

Pseudomonas sp. (Liu et al., 2012; Zeng et al., 2012; Zarjani et al., 2013; Zhang and Kong, 

2014). Taking into these considerations, rising prices of K fertilizers and declining K reserves, 

use of KSB as an ecofriendly approach can improve K supply for crop plants for sustainable crop 

productivity (Sheng, 2005; Sindhu et al., 2010; Zorb et al., 2014).  

KSB are imminent nominee of sustainable plant fertilization approches of current time 

(Rogers et al., 1998; Zorb et al., 2014; Yang et al., 2014). Therefore, procurement of efficient K 

biofertilizer containing effectual KSB capable of releasing K from insoluble sources can offer 

sustainability to our current K reserves and evade the danger of environmental deterioration 
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induced by higher use of chemical fertilizers. Proposed potassium biofertilizer strategy will not 

only enhance the effectiveness of crops especially maize, under nutrient poor conditions but will 

also identify the competent bacterial strain to solubilize mineral K for plant uptake. Present study 

not only elaborated the K-solubilzation potential of isolated bacterial strains along with their 

growth promotion activites and response of maize crop with different K sources for enhanced 

growth and yield with KSB inoculation.  

Therefore, considering all above-elaborated facts, this project is aimed to accomplish the 

following goals; 

 Isolation, purification and characterization of rhizospheric KSB isolates from soil 

samples acquired from maize growing zones of province Punjab, Pakistan. 

 Screening the best K-solubilizing rhizobacterial isolates on qualitative as well as 

quantitative basis. 

 Identification of selected K-solubilizing rhizobacterial strains through standard 

identification techniques. 

 Optimization of growth conditions for selected KSB isolates to release K from mica. 

 Testing the efficacy of K-solubilizing rhizobacteria in enhancing the K-nutrition of maize 

with different K sources including waste mica enriched compost and K2SO4-enriched 

compost in pots as well as under field conditions. 

 Optimizing the amount of WM-EC and K2SO4 along with inoculation of K-solubilizing 

rhizobacteria for sustainable production of maize under field conditions. 
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CHAPTER II 

 REVIEW OF LITERATURE  

Members of Poaceae family are usually denoted as cerrals and mainly cultivated in Central 

America and Asian countries and, employed in food, feed and industrial sectors. Maize yield in 

majority of the areas is below its genetic potential while its claim has amplified vividly 

corresponding to swift surge in world population in recent times. In addition to the biotic stresses 

such as a number of diseases, insects and weeds, the crops are also suffered in nutrient stress 

(deficiency/or toxicity), low rainfall and high temperature causing major yield losses of this crop. 

2.1 Maize  

Maize (Zea mays L.) is ranked third vital crop among cereals in Pakistan, afetr wheat and rice. Its 

 cultivated area covers around 9.5 m. ha with yearly yield up to 3.487 million tons. Its normal 

grain yield is 3.67 t. ha-1 (GOP, 2015-16). Even after having higher yield aptitude, its normal 

produce in Pakistan is not as much as in developed nations of the world. Nutritional analysis of 

its grain reveals that it encompasses about 2.9% sugars, 4.5-4.9% oil, 8-10% protein and >70% 

starch as major constituents of human and animal diet along with 5.8% fiber and 1.7% slag as an 

additional grant (Belitz et al., 2009). The higher industrial usage of corn products has placed it at 

a notable rank in rural economy. Crude material for various food and chemical manufacturing 

industries also comes from maize products. A boost in its production and yield will absolutely 

guarantee the wellbeing of communities engaged in agriculture business and utilization of hybrid 

seed technologies propounds a vowinging outfit in this regard (FSCD, 2005). 

Countries belonging to American continents are most prominent in maize production 

chased by China, India and Indonesia among Asian contries; European and African countries. 

Only US and China affixes around 60% of harvest to total maize production of entire globe and 

rest of the production have its plcae in developing regions of the world features with relatively 

lower yields per unit area (Pingali and Pandey, 2000). Contrasted with the natural capability, per 

unit area production of maize is stable in Pakistan. In this way, there is a dire need of the time to 

plan site-particular agrotechnologies to open out maize produce. Thusly, innovation regarding 

modules of existing maize production is the need of great importance. Suitable nutrient 

supervision is one of the best option to catch noticeable potential of maize (Chaudhary, 1983; 
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Mahmood et al., 2000). Despite the fact that recent explorations have delivered numerous 

approaches to get maximum maize production, nutrient management is still an open area of 

research for further improvement in crop production and quality deliverance. 

2.2 Organic matter and maize production 

Supplementing soil with organic matter (OM) is vital for acclimatization of soil for admireable 

crop growth. Despite of improving physicochemical and biochemical properties of soil, it also 

boosts nutrient delivering capabilities of soil. Being a mean of plant nutrients itself, it reinfoces 

the harboring of P and K and boosts their bioavailability in soil. Extent of nutrient offering 

capability of OM fluctuates depending upon source and extent of degradation (Gerke, 1994; 

Albiach et al., 2001). 

Composted OM could be proficiently utilized for harvest enhancement of maize when 

supplemented with chemical fertilizers (Ali, 2005). Application of organic matter enumerated 

about 53% improvement in soil N availability with additional benefit of elevated levels of 

exchangeable nutrients in soil (Boateng et al., 2006). Increasing levels of OM application 

bettered root and shoot growth in terms of length and biomass consequently steering to better 

grain yield. Increase in shoot length with OM application was chiefly because of more 

accessibility of nutrients all over the growing season (Nunes et al., 2015). Mitchell and Tu 

(2005) reported better availability of plant nutrients throughout the growing season by 

application of composted organic matter. Admireable yield contributing parameters were 

testified by Warren et al. (2006) with the use of poultry manure based composted OM 

responding to genetic potential of crop cultivars. Equivalent testimonies were also documented 

by other researchers (Ali, 2005; Farhad et al., 2009; Ali, 2015) regarding growth and harvest 

interjecting attributes using local genetic resources of maize in Pakistan. Zhang et al. (1997) 

detailed that proper optimization of composted OM and chemical fertilizers to maize can be as 

compelling as chemical fertilizers alone for yield reaction. Grain count of maize per cob was 

altogether influenced by various doses of OM and urged yield along with over all performance of 

maize crop (Garg and Bahl, 2008; Dekissa et al., 2008; Nunes et al., 2015; Pereira et al., 2014; 

Wang and Wu, 2015).  

2.3 Potassium 

Potassium (K) itemized as an important mineral element for plant growth found in soil. Its load 

in earth’s crust is rated at seventh position in comparison to other elemnts. Four dynamically 
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different statures of K befall in soil which can be cataloged as; 1) structural constituent of 

primary minerals oscillating from 90 to 98% of aggregate soil K, 2) ingredient of in secondary 

soil minerals, 3) exchangeable K at the surface of soil colloids and 4) constituent of soil solution 

in cationic form. Lately discussed two froms comprise about 2% of whole soil K. Potassium 

composes almost 2.5% chunk of upper layer of earth but only up to 3% out of this large amount 

of soil K is offered to plant growing in soil as bioavailable segment depending upon the nutrient 

offering capabilities of soil. A relative balance persists among these different divisions of soil K 

while the mineral constituting fraction of K interacts the least. The gradient of interaction flows 

from non-exchangeable to water soluble fraction of soil K whereas it is swifter between colloidal 

surface and soil solution forms. Wearing away the soil surface by erosion, exclusion of solution 

K due to plant endorsement and, trickling of solution K with perculating water are main driving 

forces of relative flow of K between its different forms in soil especially between secondary 

mineral K and exchangeable K present at colloidal interfaces of soil (Mengel and Kirkby, 1987). 

Physical and chemical disintegration of soil minerals having ample quantities of K like 

feldspars and micas, replenishes the debt of bioavailable fraction of soil K. Such degradations 

chiefly depend on agencies involved in weathering for a particular period of time, ultimately 

correlating the status of K with the age of soil. Exclusion of K by plant in root zone further 

drives the equilibrium among different forms of soil K and directs K flow to soil solution 

(Kuchenbuch and Jungk, 1984). Transfiguation of vermiculite from micas by passing through 

illite is the consequence of K elimination from soil solution with the passage of time (Farmer and 

Wilson, 1970; Havlin et al., 1999). Soils in later age, having adequate amounts of illite and 

vermiculte minerals, pose a “hidden thirst” for applied K in the form of fertilizers and hinder the 

the availability of applied K to plant. Poor response of applied K fertilizers is a common 

complain of farmers of such areas (Scott and Smith, 1987). Although K discharge from primary 

and secondary minerals compensates the the soil by replenishing solution K but its slower rate 

can’t match the pace with crop K requirements in soil (Cox et al., 1999). 

2.4 Role of potassium in plants 

Potassium doesn’t turn into the structural cog of plant biomolecules upon its uptake nonetheless 

necessitates by plants in second most critical amount after N. Its insufficiency may hamper 

majority of physiological mechanisms of plant, eventually escorting to deprived endeavor in 

terms of growth and yield (Mengel, 1980; Zorb et al., 2014). It achieves its prestige in plants by 
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executing regulatory tasks for plant like enzyme stimulation, osmoregulation and conveying 

photosynthetically generated metabolites. Nutrient discrepancy, dearth of micronutrients and 

mechanical riot of soil are affiliated matters with K insufficiency (Clarkson and Hanson, 1980; 

Khanwilkar and Ramteke, 1993). Enhanced enduring upon K chemical or biofertilizer 

application to plants undergoing abiotic stresses is reported by Wang and Wu (2015). Alleviation 

of salinity and water deficit stress are reported to be handled by K fertilizers in different sort of 

problematic soil (Sheng and Huang, 2002a). Insect and disease attack can be handled with 

improving immunity/tolerance of plant through K application (Gupta et al., 1989). Soil parent 

material enormously expresses the literal position of total K in soil while its disposal to plants 

further hinges on climatic circumstances, clay contents and soil water. It can further be molded 

by employing various nutrient administration strategies and altering the physico-chemical 

attributes of soil (Pettigrew, 2008). Soils, at later stages of development, having appreciable 

amounts of smectite, vermiculite and illite clay minerals tend to accommodate more amounts of 

K in fixed forms (Reynolds et al., 2011; Akhtar and Dixon, 2013).  

2.5 Effects of potassium on maize growth 

Higher yield potentials associated with hybrid cultivars especially of crops like maize with 

sweeping nutrient requirements claim excessive K fertilization (Streeter and Barta, 1984). Proper 

K management through fertilizer and manure application is extensively reported to increase 

maize performance in terms of growth and return (Yadav and Swami, 1988). Efficacy of 

different manures and chemical fertilizers for better growth and yield of maize and other cereal 

crops is substantially reported (Beaton and Sekhon, 1985; Davide et al., 1986; Yadav and 

Swami, 1988; Rehman, 1992; Welch and Flannery, 2009). Hazards accompanying the treatment 

of MOP in Pakistani soils because of already prevailing higher Cl- concentration are also 

reported and concludingly discouraged the use of MOP as a K source (Rashid et al., 2005). 

While, application of SOP with and without organic manures proved its professy over MOP (Ali 

et al., 2015; Hussain et al., 2015). Spring and summar maize hybrids grown in Pakistan showed 

higher yield and biomass production with the application of K fertilizer in mild doses (Chaudhry 

and Malik, 2000) while, higher doses didn’t improve yield statistically but enhanced quality of 

grain in terms of protein, starch and oil contents (Rasool et al., 1987; Bukhsh et al., 2009).  

Testimonies about enhanced yield of maize with K use less than 80 kg ha-1 were reported 

about two decades back under Pakistani soil conditions and for better grain quality parameters, K 
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application rate had to be increased up to 120 kg ha-1 (Bukhsh et al., 2009) Recent reports for 

similar yield and quality resposes claimed much higher amounts of K around 120 to 150 kg ha-1 

and showed statistically minor rise in produce even with elevated K amounts (Ali et al., 2015; 

Hussain et al., 2015). 

2.6 Effects of potassium deficiency on growth and yield of crops 

Numerous factors are responsible for disturbed provosion of soil nutrients which leads to 

deficiency. Excessive quantity of other nutritive components in feebly drained soils affects root 

spreading and its developmental patterns in soil and check K endorsement to plant as a 

consequence (Fairhurst et al., 2007). Potassium shows solvation in water, so becoming 

mobilizated and conveyed to higher plant parts via vascular ascent (Weber, 1985; Lack and 

Evans, 2005). It has majority of its roles in plants for regulatory systems as it is necessitataed for 

proper functioning of different enzymes, responsible for better water use efficiency and urging 

plants for drought tolerance. Intermittent supplies of K posing its deficiency are directing to 

various kind of metabolic anomalies in plants. There are many symptoms showing deficiency 

including loss of pigments, afenselessness against plant diseases and pests eventually heading to 

stumpy yield, compromized quality and slashed yield (Petttigrew, 1999, 2003; Bednarz et al., 

1998; Amtmann et al., 2008). It also checks overall plant growth through affecting 

photosynthesis and ends up with undesireable purple spots on leaves upon its deficiency. 

Furthermore, mature leaves changes color from pale to dark, boundaries of leaves become dried 

because of cell death, malfunctioned respiration in roots, discorloration in newly grown leaves, 

root length and density is reduced that troubles in growth hormones production and nutrient 

acquisition in roots. In addition, K deficieny makes plant more sensitive to light that readily 

become decolorized and dead in respoding to intense light (Cakmak, 2005). Disturbed stomatal 

physiology, because of K deficit situations, abolishes thermoregulatory mechanisms of plant by 

hindering transpiration. In severe K deficiency, light to dark acnes may seem on the leaves that 

usually turn or deshaped before death, leading to rigorous growth suppression that affects yield. 

Potassium deficiency reasons are inadequate fertilization, higher salinization of root zone, 

less aggregate clogging with loose structure and K exhaustion area development around roots 

(Kayser and Isselstein, 2005; Andrist-Rangel et al., 2007). Potassium deficiency effects are 

dependent upon specific crop type; i) corn size shortens and ultimately lowers the yield, ii) in 

tomatoes uneven fruit ripening occurs, iii) in cotton leaves are turned to reddish brown and then 
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black, dried up and ultimately dropped, and iv) forage crops yield is extremely affected. One of 

the most effective preventive and cure method for K deficiency is to use K specific fertilizer like 

potassium carbonate, rock potash, potassium nitrate and potassium sulfate (Mengel and Kirkby, 

1987). Regarding K deficieny problems, it is need of the time to study and make policies for K 

uptake increment in plants. 

2.7 Potassium fixation in soil 

Soil minerals not only release K, but also fix it, that considerably affects soluble K concentration 

in soil. Negative charge of majority of exchange position and interlayer vacancies in clay 

assemblies offer a gradual shift to soil solution K towards fixation. Level of this shift may be 

controlled by quantity and kind of clay, principally. Other ions contending for same positions 

and activity of H+ further regulate this movement (Sparks, 1987; Wakeel, 2014). 

In addition, soil moisture content also greatly influences the K obsession into clay 

structure. The course of K obsession is rather swift, while, due to robust ties among clay 

minerals and K, a relatively slow equilibrium is observed for liberation of this obsessed K 

(Oborn et al., 2005). Potassium fixation and its release is significantly relied on the K 

concentration (Schneider et al., 2013). Presence of microbially released organic acids portray a 

vital function in K libration from aluminosilicates in soil. So, soil pH optimization might be an 

appropriate approach to enhance K concentration in soil solution. Before rational fertilizer 

recommendation and wise K administration, it is compulsory to consider the phenomenon 

governing the fate of added K and non-exchangeable K. Topical studies have extended 

consciousness about the impression of K in clay collides and findings show that the mineral K 

fertilization betters water retaining tendency and mechanical firmness of sandy soil as well 

(Akhtar and Dixon, 2013). Increased water holding capacity has a vital part in acquiring the soil 

output in water-restricted regions. Thus, further knowledge is required for evaluating the impact 

of K application on physico-chemical traits of soil.  

2.8 Reasons of potassium deficiency in Pakistani soils 

Soil in Pakistan has been developed from mica that is fertile in K and majority of agricultural 

land is canal irrigated one. So, there is common consideration about such soils that canal water 

possibly will provide ample amount of K for plant. In last few decades, extensive studies have 

been made on K fertilization and its response in various crop plants (Ranjha et al., 2001; Tariq et 

al., 2011; Akhtar and Dixon, 2013). It has also been observed that K fertilizer application in 
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many soils had no effect on increasing production except noticeable crop potential (Bajwa, 

1985). It could be one of the component of recessive response K fertilizer endorsement under 

Pakistani soil circumstances. Potassium obsession by clay minerals is among the primary causes 

of feeble outcomes of K fertilizer. Khattak, (2002) revealed the nature and abundance of clay 

contents as a key cause of K obsession from fertlizer K and retrieval of already existing non-

accessible soil K. Soils with varying contents and types of aluminosilicates show different 

responses to fertilization (Akhtar and Dixon, 2013). Furthermore, Lyallpur soil series was 

considered to require no K application for optimal plant growth because of higher smectite 

contents. Awan et al., (1998a) found no link with amount of aluminosilicates, while its type was 

more considerable factor of amount K in its various fractions. Aluminosilicate minerals and it 

level of degradation have a significant association with extractable fraction of K in soil (Awan et 

al., 1998b). Potassium fertlization in different loamy soils have significantly responded to 

development of corn crop, while, clay loam soils did not respond which might be because of 

higher K in fixed form or sufficient indigenous soil K (Wakeel et al., 2002). 

Examining soils at initial periods of soil profile building revealed that continuing K 

application do not result in soil K-trapping. However, unfertilized soils exhibited fringe 

variations in plant-available K fraction and mineral composition in the canal irrigated soils 

having cotton-wheat pattern of cropping (Sheikh et al., 2007). Whereas, Bhatti (2011) 

determined the wise nutrient endorsement as most critical factor of nutrient management, 

considering amount and kind of aluminosilicate minerals in soil. Soil profile building has a 

deeper link with amount and type of aluminosilicate minerals as well as level of mineral 

degradation, ultimately heading to soil K availability.  

2.9 Demand of potassium fertilizers 

During 1960s, synthetically produced fertilizers came to agronomic plans not only in Pakistan 

but also other countries of the world. At first nitrogenous fertilization was common then, P ones 

were also familiarized in the late 1970s. Comparatively, nitrogen fertilizer application was 

considerably higher because of its superior, cost-effective and more rapidly crop responses at 

that time. Use of P fertilizer increased with the passage of time after the positive upshots of 

usage of N fertilizers. Potash application has remained lower as compared to the other fertilizers 

except in the potato crop, where farmers have been using it for better tuber quality as well as 

high production (Ranjha et al., 2001).  
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Average potash fertilizers requirement is comparatively less as compared to N and P 

fertilizers under Pakistani soil conditions. It is more frightening that government and orther 

national and international organizations have been trying to promote K application but could not 

meet the goals. Improper fertilization has always been uneconomical and disappointing for 

farmers because of lodging in crop plants due to K deficiency. Newly introduced compound 

fertilizers like NPK that have added some K in the soil whereas on another hand it has declined 

the value of K2SO4 (SOP) in nutrient market. Recently, various liquid composites of nutrients 

have been launched in country by many fertilizer corporations (Hussain et al., 2015). Such liquid 

fertilizers are suggested to be used as fertigation or foliar application, but until now these are 

rarely adopted by farmers (Wakeel, 2014).  

It would be suggested that lowered quantity of K application will not come up with the 

need of plant development according to its potential. One of the recent development is to import 

the KCl (muriate of potash; MOP) as an alternative to SOP that might improve the application of 

K in Pakistani soils. It has low price as compared to SOP and might be rapidly adopted by the 

farmers due to its cost effectiveness. Though, the consequences of application of chloride (Cl-1) 

should be analyzed in Pakistani soil conditions (Hussain et al., 2015; Wakeel et al., 2013). 

2.10 Potassium solubilization by microbes  

Acknowledgment of microbial strains ready to dissolve K minerals fastly can protect current 

assets and escape ecological contamination risks caused by overwhelming utilization of synthetic 

nutrient products. A wide degree of microbes, to be specific, Paenibacillus sp., Bacillus sp., 

Burkholderia sp., Pseudomonas sp., A. ferrooxidans B. circulans and B. edaphicus has been 

accounted for the discharge of K in an effortlessly reachable shape from K abundant soils 

(Biswas, 2011; Maurya et al., 2014). The above studied K mobilizing microbes (KSB) were 

validated to disintegrate Si, K and Al from relatively stable aluminosilicate minerals, for 

example, illite, micas and orthoclases by releasing natural acids that straightforwardly either 

broke down raw chelated silicon particles or potassium to convey soil with K (Meena et al., 

2014a). Inoculating K mobilizing rhizobacteria have been accounted for endorsing valuable 

impacts on development of wheat (Sheng and He, 2006), pepper and cucumber (Han and Lee, 

2006), the cotton (Sheng, 2005) and sudan grass (Basak and Biswas, 2010). A comparative study 

showed that inoculating wheat and corn plants with A. chroococcum, B. mucilaginosus 

andvarious pecies of Rhizobium realized the higher development of K from mica which 
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altogether showed as a wellspring of K to check plant development (Singh et al., 2010). 

Consequently, K mobilizing microscopic organisms being broadly utilized as biofertilizers in 

various Asian countries on noteworthy ranges of developed soils that are lacking in soil 

accessible potassium (Xie, 1998). Along these lines, utilization of K mobilizing microscopic 

organisms used be as biofertilizer for agribusiness and change can decrease the exploitation of 

agro based chemicals and support eco accommodating yield generation (Sindhu et al., 2010). By 

and by, there is data available and accessible by rhizobacteria on potassium solubilization, their 

solubilization components and the impact of KSB treatment to supplement accessibility in the 

soils and development for various harvests.  

Soil microflora of different gatherings were assessed to be engaged with the types of K 

which were found to be solubilizable for settled and insoluble types and convet that into 

accessible types of K to be easily usable by root (Gundala et al., 2013). There are some microbial 

inoculions capable of breaking down potassium from mineral and rocks thus it could be 

improved for plant development and finally yield, thus proving themselves to be ecofriendly and 

financially feasible. Muentz, (1890) gave the proof for solubilization of potassium due to 

microbial activity. KSMs had some extensive variety which were specific like Bacillus 

edaphicus, Paenibacillus species, Bacillus mucilaginosus, Bacillus circulans etc. (Sheng et al., 

2008; Basak and Biswas, 2012) which have proved to discharge K from various aliminosilicates 

in an open frame in soils. Some bacterial species which are contagious and called as KSMs are 

helpful for plant development because these strains degrade various kinds of insoluble 

aluminosilicates and their numbers vary from one soil to another. The bound type soil minerals 

are solubilized by the rhizosphere bacteria broadly in the soil (Supanjani et al., 2006; Sindhu et 

al., 2014). A consortium of rhizobacteria was investigated to degrade aluminosilicate minerals in 

the soil and found effectual for various soils (Sheng et al., 2001). Several rhizobacteria were 

even found to be colonizing at compact rock surfaces (Gundala et al., 2013) and these were later 

recognized as Bacillus mucilaginosus, termed as silicate mobilizing rhizobacteria that frees K 

from various aluminosilicates. Aleksandrov et al., (1967) found from the land that were 

disconnected from horticultural area at various levels and concluded that different bacterial 

species such as silicate microscopic organisms were responsible for breaking down K, aluminum 

and silicates from resistant aluminosilicates. It has in the same way been investigated to be as 

silicate mobilizing rhizobacteria which act by their introduction into rhizosphere and non-
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rhizosphere ones into soil additionally (Lin et al., 2002). From the root region of oat crops, K 

mobilizing strains were separated which were found to be altering K and Si dynamics in soil 

(Mikhailouskaya and Tcherhysh, 2005). K could be solubilized from K-bearing minerals using 

these microbial strains, however just few microscopic organisms have high limit with respect to 

assemblage and mobilizing of K from minerals, for example, B. edaphicus and B. mucilaginosus 

(Zhao et al., 2008; Zarjani et al., 2013). In mining, microbial based nutrient products and 

metallurgy, these rhizobacteria have wide applications (Groudev, 1987; Holthusen et al., 2010; 

Maurya et al., 2014; Meena et al., 2014b; Zhang and Kong, 2014).  

As rhizobacteria solubilize potassium in the aluminosilicate minerals by generating 

natural acids and enhance K availability to crop roots, these are termed as plant growth 

promoting rhizobacteria (Han and Lee, 2006). A. ferrooxidans, B. mucilaginosus, B. edaphicus, 

Burkholderia, Paenibacillus spp. And various other strains can be exploited to discharge 

potassium from potassium bearing aluminosilicate minerals in soils (Meena et al., 2015). To 

counte the usage of agrochemicals, in this way, these rhizobacteria can be implemented as 

biofertilizer candidates.  

2.11 Mechanism of potassium solubilization  

Right now, precise mechanism of solubilization of soil aluminosilicate minerals by 

rhizosbacteria is little known. The main theorized information revolves around the production of 

various categories of natural organic acids to structurally disintegrate and open up 

aluminosilicate minerals, consequently heading to aid crop development through ease in K 

uptake. Sheng and Huang (2002) enlisted numerous environmental attributes to alter K discharge 

from aluminosilicates. The key attributes were kind of rhizobaterial microbe, pH of soil solum 

and availability of O2 in solubilizing medium. Proficiency of the K-mineralization by different 

rhizobacteria was studied to be altered by altering the kind of K-containing aluminosilicate and 

severity of environmental attributes (Uroz et al., 2009). Taking illite into account as a K-

containing aluminosilicate was found advantageous over feldspar, using Bacillus edaphicus as a 

K-mineralizing agents in fluid medium (Sheng and He, 2006). Native soil organisms can 

possibly retain and activate the insoluble K-containing minerals to release K for crop root 

uptake, from existing sources of aluminoslicate minerals in soil. Silicate microscopic organisms 

were discovered to be disintegrating Al, K and Si from various resistant aluminosilicates. 

Movement of H ions is straightforwardly identified with exchange of K ions from 
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aluminosilicates in K-minerlalizing soil solum under the activities of K-mineralizing bacteria. 

The range of K-mineralization was observed to be upgraded through inoculation of K-degrading 

microbes upto 84.8-127.9 % as compared to studies without microbial application. Choosing 

illite as a K-containing aluminosilicate was observed beneficial than feldspar, using Bacillus 

edaphicus as a K-mineralizing agents in fluid medium (Sheng and He, 2006). Degree of K-

mineralization by Si-mobilizing rhizobacteria was noted up to 4.9 ppm when pH of medium was 

kept 6.5-8.0 (Badar et al., 2006). Bacillus mucilaginosus mineralized up to 4.29 ppm through 

their solubilizing activity in liquid medium augmented with muscovite as an aluminosilicate 

(Sugumaran and Janarthanam, 2007). Potassium discharging was observed to be altered by the 

pH of mineralization medium, attributes of aluminosilicate used and O2 supply (Chen et al., 

2008; Bin et al., 2010). The basic mechanism of K-mineralization implies by the action of K-

degrading rhizobacteria on insoluble K-containing aluminosilicates through generation of 

different sorts of natural acids. These natural organic acidic species degrade and open up 

aluminosilicates by acidolyzing and complexing the key cations in mineral to make them 

available for plant root uptake (Uroz et al., 2009). These acidic species change over insoluble 

aluminosilicate sources of potassium (feldspar, biotite, muscovite, mica) to the available type of 

K with the net aftereffect of expanding the accessibility of the K to the plants. Different sorts of 

acidic species delivered by K-mineralizing microbes were varying with various living beings. 

Medium suspensions were analyzed to identify the kind of natural acidic species generated by K-

degrading microbes, by various scientists aiming at discovering their involvement in K-

mineralization mechanism (Verma et al., 2014; Zhang and Kong, 2014). K-mobilizing 

rhizobacteria can cleave phlogopite by complexing Al ions with the help of organic acid species, 

consequently heading to disintegration of said aluminosilicate (Leyval and Berthelin, 1989; 

Meena et al., 2015). Sheng and He, (2006) announced that mineralization of illite and feldspar by 

means of soil bacteria is because of generation of natural acidic species viz. citric acid, glycolic 

acid, maliec acid, tartaric acids, fumeric acid, 2-ketogluconic acid, succinic acid, oxalic acid, 

gluconic acid, propionoic acid and glycolic acid (Wu et al., 2005; Prajapati et al., 2012a, b; 

Zarjani et al., 2013). These organic acidic species were identified and even isolated from 

suspension of single strain or consortium of various K-mobilizing strains in fluid media which 

showed substantial degradation of various aluminosilicate K minerals (Meena et al., 2013; 

Prajapati et al., 2013; Parmar and Sindhu, 2013).  
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Figure 2.1 Mechanism of potassium solubilization by K-solubilizing bacteria 
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2.12 Effect of potassium (K) solubilizing bacterial inoculation on various crops  

Utilization of biofertilizer approaches for betterment and sustainability of agricultural systems is 

becoming indispensable for long term utilization of limited nutrient resources of soil. Various 

reports regarding utilization of K biofertilizers containing K mobilizing microbes for sustainable 

fertilization have been pulished in last few decads for various crops. Increment in produce of 

corn and wheat was experienced by the utilization of combination of organic and mineral sources 

of K along with aluminosilicate degrading bacteria by Aleksandrov, (1967) firstly. Use of K 

mobilizing microbes sequestered from aluminosilicate mineral samples enhanced growth and 

development of chickpea (Khudsen et al., 1982). Increase in rice produce was noticed as a result 

of inoculum usage of similar type of microbes having potential of silicate degradation 

(Muralikannan, 1996). Lin et al. (2002) observed more than 100 % increment in plant biomass, 

along side more than 150 % enhancement in P and K take-up in tomato seedlings because of 

Bacillus mucilaginosus strain inoculum, in comparison to experimental units without inoculum. 

Use of K mobilizing microbe B. edaphicus bettered phosphorus and potassium availability for 

cotton plants (Sheng et al., 2002a). Advantageous impacts of inoculation of K mobilizing 

rhizobacteria was informed in cotton and rape, which caused in augmented biomass and 

amplified P and K take-up in plants compared with treatments without inoculum use (Zhang et 

al., 1997). Raj, (2004) noticed enhancement in grain production, of rice along with soluble Si in 

soil solution because of Si-releasing Bacillus sp. Ramarethinam and Chandra, (2005) reported 

sufficient betterment in egg-plant harvest, plant loftiness, and K take-up using F. aurantia 

inoculum, when compared with treatments without inoculum, in their study conducted at a 

farmer’s field. 

The roles of K mobilizing microbes and the particular prerequisite of K supply contrast 

with trim sorts. Here we model audit some extraordinary products. An exploration was 

coordinated to assess the capability of phosphate-mobilizing microscopic organisms; Bacillus 

megaterium and K mobilizing rhizobacteria; Bacillus mucilaginosus used in fertility restrained 

soil planted with eggplant. Results uncovered that weights of vegetative parts of eggplant 

expanded noticeably because of consolidated manure application with raw phosphate or K 

materials in addition to use of single individual rhizobacterial isolate (PSB or KSB) and co-

inoculation, in addition to raw material treatment, when contrasted with control (Han and Lee, 

2005). Sole utilization of raw phosphatic and potassium minerals did not fundamentally upgrade 
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plant tallness, dried biomass, or photosynthetic activity of test crop. Regardless of way, the 

treatment with a solitary rhizobial isolate in blend with its certain phosphatic source reliably 

expanded plant biomasses when contrasted with control. The treatments which were consolidated 

with two rhizobacteria and mineral raw additionally expanded shoot dried biomass up to 27% 

and root dried biomasses up to 30% compared with testimonies without inoculum, about a month 

after sowing. Photosynthetic reactions of bringle demonstrated a comparable pattern to dried 

plant biomass responses. The consolidated usage of a pair of strains co-applied alongside the 

resistant insoluble aluminosilicates altogether elevated photosynthetic rate around 12 % when 

contrasted with control. Co-application of P-degrading and K-degrading isolates synergistically 

mobilized the resistant P and K minerals which were incorporated in test soil used for 

experiment. This prompted advancement in their nutrient take-up and plant development. 

Growth promotion by the use of inoculum of Bacillus isolate likewise identified with its capacity 

to build up hormones, especially indole acetic acid (Sheng and Huang, 2002b). Co-application of 

growth enhancing rhizobacteria with various valuable traits might be the forthcoming pattern for 

biofertilizer application to empower supportable harvest generation. All in all, co-application of 

phosphorus and potassium mobilizing microbes in concurrence with amalgamated application of 

raw P and K materials into the soil expanded N, P and K take-up, photosynthetic rate and the 

produce of eggplant tested on P and K restricted agricultural soils.  

Examinations were made to evaluate the capability of P-mineralizing microbes Bacillus 

megaterium and K mobilizing rhizobacteria Bacillus mucilaginosus applied to nutrition restricted 

soil for cucumber and pepper crops separately (Han and Lee, 2006). Studies showed the 

effectiveness of said rhizobacterial isolates to significantly degrade resistant K and P minerals 

and nutrient release for plant take-up. P-mobilizing microbes were more powerful P solubilizers 

than K-degrading ones and their co-treatment brought about steadily higher P and K take-up than 

tests without inoculum and minerals. Coordinated raw P with treatment of P-degraders expanded 

the accessibility of both phosphorus and potash in soil, take-up of N, P and K by crop biomass, 

and the development of test crops. Comparable however less noteworthy (p≤ 0.05) comes about 

were acquired when raw K and K-degraders were included correspondingly. Consolidated 

together, both mineral supplements and bacterial isolates reliably expanded nutrition 

accessibility, take-up, and plant development, recommending its prospective usage as manure. 
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Sole or co-treatment of raw P and raw K did not essentially (p≤ 0.05) enhance plant development 

(in terms of dries plant biomasses) and photosynthetic rates of test crops. 

K-solubilizing species obtained from root-zone soil samples of tea were claimed to be 

involved in improving K nutrition, uptake and growth of tea plants (Bagyalakshmi et al., 2012). 

Use of these rhizobacterial strains as a constituent of K biofertilizers for tea along with muriate 

of potash (MOP) enhanced K uptake and utilization in comparison to fertilizer alone as well as 

mineral K supplies. Addition of efficient C sources, like glucose, and NH4NO3 as nitrogen 

sources in this experiment gave addition support to K solubilization phenomenon and plant 

growth promotion. These combinations of chemical fertilizer, insoluble K materials and bio-

inoculants proved to be better K nutritional plans as compared to these sources alone, with 

additional benefits of other plant growth promotion traits of K solubilizing rhizobacterial strains. 

Utilization of K mobilizing rhizobacterial strains belonging to various genera have been 

documented widely to be posing advantageous impacts on growth, yield and K take-up of variety 

of crops like tobacco (Zhang and Kong, 2014), khella (Hassan et al., 2010), sudan grass (Basak 

and Biswas, 2010), sorghum (Badr et al., 2006), pepper and cucumber (Han and Lee, 2006), 

wheat (Sheng and He, 2006), cotton and rape (Sheng, 2005), chilli (Ramarethinam and Chandra, 

2005) and tomato (Lin et al., 2002). 

2.13 Effect of K solubilizing bacterial inoculation on maize crop  

Early testimony of increment in maize produce by the use of Si-degrading isolates was nerrated 

by Aleksandrov, (1967), who used a consortium of resistant K-minerals and Si-degrading isolate. 

Archana et al. (2008) led a test to evaluate the influence of K mobilizing microbes on 

development and produce of maize. Proficient K mobilizing microscopic organism Bacillus 

isolate weas utilized and the outcome demonstrated a net increment in development, nourishment 

and produce of corn crop. The outcomes showed the effectiveness of used inoculum in 

expanding plant development, nutrient take-up and yield segment of maize plant compared to 

negative treatments for manure and inoculum. Wu et al., (2005) confirmed the outcome of usage 

of K-mobilizer Bacillus mucilaginosus alongside P-mobilizer Bacillus megaterium and N-fixing 

isolate A. chroccoccum expanded the development, supplement take-up fundamentally (P≤ 0.05) 

in maize and furthermore enhance soil properties, for example, nutrient provision and aggregate 

N in soil. Also, supplementation of these crops with A. chroococcum, B. mucilaginosus and 
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Rhizobium realized basically higher actuation of K from squander mica, which in this way went 

about as a wellspring of K for plant development and improvement (Singh et al., 2010). They 

assessed the influence of B. mucilaginosus, Rhizobium spp. along with A. chroococcum in 

hydroponic examination for their ability to prepare K from squander mica. They discovered huge 

K insufficiency in plant biomass, where squander mica was the main wellspring of K; this has 

been changed over into higher biomass, K substance, and acquirement through plants and 

furthermore total protein and pigment matters in plant tissue. Among the tested strains, Bacillus 

mucilaginosus portrayed high preparation of K over Rhizobium and Azotobacter chroococcum 

inoculation.  

K-mobilizing rhizobacteria belonging to Bacillus spp. posed an effectual influence on 

development and produce of corn and found that KSMs demonstrated an expansion in yield, 

plant development, and supplement take-up contrasted with control compost (Archana et al., 

2012). Maize plants indicated high take-up of K and P developed on K and P-constrained soil 

through the co-applying the Bacillus megaterium and Bacillus mucilaginosus and Bacillus 

subtilis with coordinate utilization of resistant phosphatic and K minerals by Abou-el-Seoud and 

Abdel-Megeed (2012).  

It was additionally watched that crop development is expanded through the co-

application with useful rhizobacteria. The most astounding biomasses and seedling tallnesses of 

corn plants were seen by the utilization of biofertilizer having nitrogen fixer (Azotobacter 

chroococcum), P-mobilizers (Bacillus megaterium), and Kmobilizers (Bacillus adhaerens) (Wu 

et al., 2005). The inoculation of wheat and corn with B. mucilaginosus, Rhizobium spp. and A. 

chroococcum expanded K accessibility for plant development and advancement separated from 

squander mica, that acted as option wellspring of K (Singh et al., 2010).  

Correspondingly, Han and Lee (2006) observed the extended biomass by corn treated 

with rhizobacteria (K-mineralizing) around 23%, appeared differently in relation to the 

uninoculated tests. Corn having B. mucilaginosus, inoculum in consortium with A. chroococcum 

and Rhizobium realized out higher initiation of K from mica, which progressively fills in as a 

substance for the supply of K for plant advancement (Singh et al., 2010). Comparable 

discoveries were accounted for by Singh et al. (2010) took a shot at wheat and corn inoculation 

with above said isolates under control chamber and discovered higher assemblage of K in plant. 
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Figure 2.2 Summary of mechanisms of nutrient solubilization and plant growth promotion 
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Abou-el-Seoud and Abdel-Megeed, (2012) checked the impacts K treatment and co-

inoculation with Bacillus mucilaginosus and Bacillus subtilis on maize under K shortfall 

calcareous soil. Co-treatment of rhizobacteria with K improved its take-up and accessability to 

plant. Yields of family poaceae assimilate K+ at higher rate when contrasted with dicotilidnous 

trims because of tap root framework. Kraffczyk et al. (1984) watched that stumpy K 

supplementation expanded corn root exudation with a higher extent of citric and OAA. Cao et al. 

(1991) contemplated the dispersion of replaceable and gradually accessible (settled) potassium of 

wheat root-zone and noticed an exhausted interchangeable K in root-zone of test crop. 

Rhizosphere microflora and non-harmonious microflora likewise advance the assembly and 

ingestion of resistant K from biotite by corn (Berthelin and Leyral, 1982).  

Nadeem et al. (2009) announced the enhancement of K take-up by corn roots upon 

supplementation of rhizobacteria indicating ACC deaminase action and helped corn to 

withstande saline situations. They watched the colonization of said strains with root-system of 

test crop. This ability of microbes to colonize the root system made the plants proficient in 

exploring extra regions of soil that may have enhanced the take-up of K in a roundabout way 

(Nadeem et al., 2010b). These microbes likewise have various development advancing 

characteristics, for example, chitinase action, supplement solubilization, root colonization, and so 

forth. (Ahmad et al., 2011). So also, change in K take-up in various bean crops, wheat and corn 

has likewise been accounted for in controlled as well as on-farm situations (Aamir et al., 2013; 

Ahmad et al., 2012, 2013a, b, 2014a, b).  

2.14 Potassium solubilization biotechnology 

Potassium solubilizing rhizobacteria assume an essential part in nourishment of crop plants that 

improve the K securing from soil, boosting plant development mechanisms, and KSB as bio-

treatment ends up in better farming harvests. As needs be, further examinations are necessary for 

enhancing the execution as well as utilization of K mobilizing microorganisms as effective 

nutrient supplement for crop fertilization. More prominent consideration is required to study the 

use of new proficient mixes of K mobilizing rhizobacteria and other already 

reported/commercialized isolates. Researchers already working in this regard advises that the 

exact mechanism require further research to explain the biochemical premises of these 

associations among microbes and K-mobilization. Then again, the use of biotechnological 
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approaches for genetic control of K mobilizing rhizobacteria, extending their K mobilizing 

proficiency, additionally encompassing this quality into other rhizobacterial strains for better 

plant development and soil health. Nevertheless, utilization of conventional strategies to mutate 

the strains, expanding their acidolysing tendency could be another successful option, leading to 

sustainability of agricultural soils. The hereditary control through recombinant DNA tools could 

pose a plausible approach for upgrading the productivity of strains. Modern cloning approaches 

accompanying for mineral K mobilization, modifying natural biogeochemical cycling through 

enhanced acidolysis, might be initial phase in such a hereditary control. Upcoming exploration 

ought to likewise examine or enhance the execution and soundness of the K solubilization 

attribute, when rhizobacteria would be introduced in soil as in both hereditarily adjusted or 

common isolates. Subsistence proficiency and their foundation of the native strains can be 

influenced by little intensity, subsequently constraining the viability of use. Be that as it may, the 

putative hazard ascended amid the arrival of hereditarily changed rhizobacteria under field 

conditions, which is an essential matter of discussion, in such manner to the likelihood of level 

exchange of the acquainted DNA with numerous other soil rhizobacteria.  

2.15 Future perspectives 

The issue of supportable administration of K in soil has to some degree been disregarded amid 

the most recent years when prime emphasis remained on exceptional biological influence of N 

and P. Numerous accounts in the current past have spotted the soils of major agroclimatic zones 

of Pakistan as K insufficient in bioavailable soil K levels. This insufficiency has dropped down 

to the extent that cultivation would be feeble without reestablishing it and the use of K in said 

agroecological regions poses crop development and uplift in crop produce. Thusly, for chief 

harvest development, soil arrangement and replaceable K should be renewed constantly with 

potassium through shifting to non-exchangeable K by degrading resistant K holds (various mica 

and other K-rich minerals) or the increment of applied K. Along these lines, the utilization of K 

mobilizing rhizobacteria is an auspicious methodology to expand K accessibility under such 

conditions. Their utilization in agribusiness can enhance of plant development, plant sustenance, 

root development design, plant resistance and response to outside anxiety factors. Utilization of 

these microscopic organisms as candidate of antegrated fertilization approches will build up 

accessible K in soil, assisting in checking fertilizer claim, diminish natural contamination and 

advance supportable farming. Use of biotechnological tools for genetic modification of root 
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colonizing microbes for organic acid production as well as other plant growth promotion traits 

may be another future horizon for future exploration of said field. So, it is necessary to further 

inspect the usefulness of these rhizobacterial strains on the harvests of crops as well as its 

economic, social and environmental welfares. 
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CHAPTER III 

MATERIALS AND METHODS 

3.1 Isolation, purification, screening, characterization and identification of an 

efficient potassium (K) solubilizing bacterial strains from maize rhizosphere  

3.1.1 Samples collection  

Soil and maize root samples were acquired during August, 2012 from three different areas of 

Punjab, Pakistan viz. specific maize growing areas including Depalpur (30.7° N, 73.7° E), Okara 

(30.8° N, 73.5° E) and Sahiwal (30.7° N, 73.1° E); non-specific maize growing areas including 

Toba Tek Singh (31.0° N, 72.5° E) and Faisalabad (31.4° N, 73.1° E) and maize grown nearby 

areas of the river bank Chenab (31.7° N, 73.0° E) and Ravi (30.8° N, 73.1° E). Five maize plants 

were dug up from the field together with adjacent soil attached to the roots following ‘W” sampling 

approach. Whole root system of plants accompanied by adherent soil was transferred to sterile 

plastic sacs and immediately put to ice-box to bring them to the laboratory to isolate and purify of 

K solubilizing microbial strains. 

3.1.2 Isolation and purification of K solubilizing bacteria from rhizosphere soil  

For this, 10 g of rhizosphere soil from every sample were weighed and mixed with 90 mL sterile 

saline solution (0.85% NaCl) in 250 mL conical flasks. Flasks were robustly shaken for 5-10 

minutes to get homogenized suspensions. These suspensions were then incubated under agitation 

for 45 min followed by filtration through sterile filter paper. Using 1 mL filtered supernatant of 

rhizospheric soil suspension, these were diluted successively to 10-6 and 0.1 mL of these diluted 

suspensions were moved and dispersed on Aleksandrov’s medium (5.0 g glucose, 0.5 g 

MgSO4.7H2O, 0.1g CaCO3, 0.006 g FeCl3, 2.0 g Ca3PO4, 3.0 g mica powder and 20.0 g agar in 

1000 mL of deionized water) plates separately (Aleksandrov, 1967). The media units were placed 

at 28±2°C for 2-3 days. Well grown and prominent colonies were selected, further streaked on 

fresh Aleksandrov’s agar medium and the pure growths were stockpiled at 4°C for future use. 

3.1.3 Screening of K solubilizing bacterial isolates  

Purified bacterial strains were initially selected for screening based on of K clearing zone 

formation on agar plates containing modified Aleksandrov’s medium using spot check procedure 
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(Sindhu et al., 1999). Plates of fresh above said medium having mica powder (insoluble form of 

K) were spotted with fresh culture of rhizobacterial growth (10 μL of 106 CFU mL-1). Four points 

were spotted on all plates with subsequent incubation at 28±2℃ for 2-3 days. Potassium 

solubilization potential of bacterial isolates was estimated based on diameter of zone of 

solubilization near bacterial growth in said period.  

For quantitative screening, 48 hours old bacterial cultures were inoculated into 25 mL 

Aleksandrov’s medium broth spiked with waste mica (WM) powder in 50 mL Erlenmeyer flask 

and then incubated in shaking incubator at 28±2°C for five days. Bacterial suspensions were 

centrifuged around 7,000×g for about ten min to separate cell growth and insoluble K from 

supernatant and, filtered before loading to flame photometer. For this, about 1.0 mL of filtered 

fluid was reserved in a 50 mL flask and distilled water added to make volume up to mark. The 

filtered sample was loaded in flame photometer (410 Flame Photometer, GAMBICA, UK) to 

determine water soluble K concentration (Sugumaran and Janarthanam, 2007). To construct curve 

for comparison ranging from 0.5 to 10 ppm, KCl was used. 

3.1.4 General characterization of potassium (K) solubilizing bacterial isolates 

Quantitatively screened rhizobacterial strains were inspected for cell shape, color, motility, gram 

staining, halo tolerance and their tendency to raise spores, using procedures outlined by Schaad et 

al. (2001). Chosen isolates were then examined for capability to grow on medium containing 

different carbon sources viz. arabinose, cellulose, citrate, galactose, sucrose and xylose. Specific 

growth media were used to test the selected isolates for specific charterers like production of 

amylase, lipase, catalase, cellulase, protease, and nutrient mobilization (NPK) by given protocols. 

3.1.4.1 Amylase production 

Technique designated by Alariya et al. (2013) was employed to estimate amylase production of 

selected rhizobacterial isolates. Cultures were subjected to starch agar plate at 25°C for 1-2 days. 

Post-incubation flooding with I2 solution was employed and decolorized circles around colonies 

were detected. K solubilizing bacterial isolates that showing potential of amylase production were 

represented as (+) while isolates lacking amylase production were symbolized as (-). 

3.1.4.2 Cellulase production 

Detection of cellulase production by selected rhizobacterial isolates was carried out through 

procedure of Aneja (2001), by blotting cultures on Modified Czapek media followed by 5 days 
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nurturing at 25°C. Clearance areas around colonies were noticed after 1% Congo red solution 

submerging and saline treatment. Few amendments were made regarding time and temperature in 

ordinary protocol. Rhizobacterial isolates reported as (+) for cellulase producing isolates and (-) 

for isolates lacking this ability. 

3.1.4.3 Catalase production 

Tendency of to exhibit catalase activity was assessed by supplementing 3% H2O2 on established 

growth colonies of selected K solubilizing bacteria. Appearance of effervescences was observed 

and this trait showed rhizobacterial capability to yield catalase. The results were recorded and 

expressed in same manner above mentioned traits. 

3.1.4.4 Lipase production  

Potential of rhizobacterial strain to present lipase formation was examined on Tributyrene agar 

plates. This was observed by detecting establishment of clearing area about the colonies after 72 

hours of nurturing at normal lab temperature.  

3.1.4.5 Nitrogen fixing ability 

Qualitatively N-fixing capability of selected rhizobacterial cultures was observed through 

inoculating on malate media plates using Bromothymol blue for indication of reaction completion, 

without adding any N source (Gothwal et al., 2008). The cultures were nurtured at normal lab 

temperature for 72-96 hours and media color transformation was regarded as positive for 

qualitative N-fixation. 

3.1.4.6 Phosphate solubilization 

Selected KSB cultures were tested for P-solubilization by nurturing on Pikovskaya agar plates, 

spiking with rock P and stationing at room temperature (Pikovskaya, 1948). Cultures were 

monitored for clearing areas about colonies after 72-96 hours of nurturing. 

3.1.4.7 Protease production  

Protease production by selected K solubilizing rhizobacteria was substantiated on the basis of 

growth on Skimmed Milk media. Rhizobacterial isolates were nurtured at normal laboratory 

temperature for 2 days, for this purpose. Cleared area about rhizobacterial colonies was considered 

as marker of proteolysis (Simbert and Krieg, 1994). Few amendments were made regarding time 

and temperature in ordinary protocol. Proteolyzing colonies were notated as (+) while rest of the 

isolates as (-). 
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3.1.5 Quantitative determination of plant growth promoting activities  

3.1.5.1 Indole acetic acid (IAA) production 

IAA generation was revealed by following the procedure given by Gordon and Weber (1951). The 

K solubilizing rhizobacterial growths were injected in 50 mL King’s liquid media having L-

tryptophan (5μg mL-1) and nurtured at 28 ± 2°C temperature for about 96 hours. Prior to further 

processing, centrifugation at 8000 rpm was carried for 5-6 min to exclude cell growth. About 2 

mL of solution was agitated with a bit of H3PO4 and Salkowaski reagent (50 mL of 35% HCLO4 

and 1 mL of 0.5M FeCl3). Absorbance of aliquot was quantified at 535nm after 30 min dark 

exposure. Quantitative measure for exact concentration of IAA was performed by inferring the 

instrument results of samples with graph of working standard solutions of IAA. 

3.1.5.2 Extraction of exopolysaccharides  

Exopolysaccharides (EPS) were hauled out from 72 hours old growth in tryptic soy broth (TSB) 

(Sigma-Aldrich). Prior to further processing, centrifugation at 20,000×g was carried for 20-30 min 

to exclude cell growth and diluted with about 1% solution KCl, if it was seemed dense. Same KCl 

solution was used for pallet washing and further withdrawal. The probable withdrawal of cellular 

polysaccharides was eliminated by observing DNA presence through DPA reagent (Burton, 1956) 

and Bradford’s reagent was employed to assess protein contents in aliquot (Bradford, 1976). 

Filtration through 0.45 μm nitrocellulose membrane, dialysis water at 4°C and followed by 

centrifugation (20,000×g) for almost half hour to eliminate consolidated matter and added to 3 

folds of ice-cold ethanol and saved for whole night at 4°C. Overall carbohydrates in EPS 

precipitates were determined using the procedure described by Dubois et al. (1956). 

3.1.5.3 Phosphate solubilization 

Phosphate (P) solubilization was assayed in Erlenmeyer flask by taking 50 mL of Pikovskaya’s 

Liquid Broth (PLB) spiked with 0.5 g of rock phosphate as phosphate source and maintaining the 

medium pH 7. Fresh cultures of selected K solubilizing bacterial isolates were grown on modified 

PKV were inoculated in PLB. These containers were then kept for incubation at 28 ±1°C under 

160 rpm in mechanical shaker. After 24 hours, these flasks were autoclaved and centrifuged for 

20 min at 11000×g (Bashan et al., 2013). Filtered supernatant was further examined to find out 

soluble phosphate concentration with spectrophotometer at 882nm wavelength by Mo-blue 

procedure (Murphy and Riley, 1962).  
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3.1.5.4 Potassium (K) solubilization 

For quantitative screening, 48 hours old bacterial cultures were inoculated into 25 mL 

Aleksandrov’s medium broth spiked with waste mica in 50 mL capacity Erlenmeyer flask and then 

incubated in shaking incubator at 28±2°C for 5-6 days. Culture was put to centrifugation at 

7,000×g for 10 min in the Rapid Tuttlingen centrifugation unit to isolate the growth from soluble 

contents and crude K, later filtered before loading to flame photometer. After this, 1 mL filtrate 

was put in separate flask and filled to marked volume with deionized water followed by thorough 

agitation. This mix was analyzed for water soluble K content using flame photometer (Sugumaran 

and Janarthanam, 2007), compared with standard curve of supposed limit for determination of K 

in mix.                                                                                                                                                                                           

3.1.5.5 Chitinase activity assay  

This activity was detected through colorimetric method by noticing N-acetyl glucosamine released 

from a solution colloids chitinic substrate (Reissig et al., 1955).  

3.1.5.6 ACC deaminase activity assay  

Selected KSB candidates were characterized for 1-aminocyclopropan-1-carboxylate deaminase 

activity through procedure elaborated by Duan et al. (2008).  

3.1.6 Molecular characterization of selected K solubilizing bacterial isolates 

DNA of selected K solubilizing isolates was extracted through culturing them on media optimized 

by Holt et al. (1994) and Zhou et al. (2010), using DNA extraction kit (Omega, US). Using 

universal forward and reverse primers followed by amplification through PCR, DNA sequence 

was analyzed. Using BLASTn at NCBI GenBank, sequences were compared (Altschul et al., 1997) 

followed by ClustalX alignment (Larkin et al., 2007).  

3.2 Bacterial growth optimization for potassium (K) solubilization 

Growth conditions (i.e. carbon source, temperature of medium, pH of medium) were adjusted for 

final selection of efficient K-mobilizing isolates. Efficiency of bacterial strains to solubilize K 

from crude mica (waste) blend in Aleksandrov’s broth medium was assessed using different 

combinations of above mentioned growth conditions. The effect of glucose, galactose and 

cellulose as carbon sources at different temperatures (25, 30, 35 and 45°C) and pH levels (6.5, 7.0, 

7.5 and 8.5) was measured in terms of K solubilization potential of bacterial cultures. Each selected 

bacterial isolate was put to inoculation in 25 mL of broth (Aleksandrov, 1967) where glucose was 
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replaced with either of two other C sources (galactose and cellulose). All these containers were 

then put to incubation for 10 days at 28±2°C. Quantity of K solubilized in broth was assessed 

comparing to a similar group of controls lacking inoculation, though flame photometric method 

(Sugumaran and Janarthanam, 2007) mentioned in quantitative screening section. 

3.3. Preparation and analysis of composts 

3.3.1 Preparation of compost 

Potassium enriched composts [Potassium sulfate enriched compost (K2SO4-EC) and waste mica 

enriched compost (WM-EC)] were prepared from fruit and vegetable waste, gathered from main 

fruit and vegetable market of Faisalabad. After air drying for 2 days to confiscate possible 

moistness, unnecessary materials were separated from raw material. The sorted compostable waste 

materials were subjected to oven drying for 24 hours at 65°C and then raw materials were milled 

to fine particles of around 2.0 mm or less in in size. The ground material was shifted in locally 

devised compost reactor made of glossy tin sheets (Processing unit) to change organic wastes in 

to compost. Moisture contents were maintained roughly at 40% during the course of compost 

preparation. Composting was done for 6 days under controlled aeration (shaking at 15 rpm) and 

temperature. During this process, temperature increased from 30 to 70°C in the composter in 

following days of composting process and then lowered steadily to 30°C at the end of 4th day of 

composting process (Zia et al., 2003). The composted material was enriched/blended with 100% 

recommended level of K, putting two different means of K (K2SO4 and waste mica). While, K2SO4 

and WM were added @ 225 and 500 g kg-1 of the composted matter, respectively. After 

enrichment, the composted products were granulated, packed in gunny bags and analyzed 

chemically.  

3.3.2 Physico-chemical and biochemical analysis of compost 

Both composts (WM-EC and K2SO4-EC) were examined for physico-chemical and biochemical 

traits (Table 3.1). Ground and desiccated (at 70°C) compost samples were subjected to digestion 

using H2SO4 and H2O2 following the procedure documented by Wolf, (1982). It involved overnight 

digestion of 0.1g of WM-EC and K2SO4-EC samples after adding 2 and 1 mL of above said 

solutions of H2SO4 (98%) and H2O2 (35 %) in digestion tube. Putting digestion tubes at digester 

at 350oC up to fuming after adding 1 mL of H2O2 each time and repetition of this procedure until 

colorless samples ensures appropriate digestion. Tubes were subjected to digestion slab for heating 

up to 350oC until continuous fuming, followed by heating for 30 min more. Prior to adding 1 mL 
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of H2O2, tubes were amputated from digestion slab and cooled. The tubes were again warmed to 

fuming and previous steps were imitated until clear samples. Finally, extract was formulated to 50 

mL using dd-water. Samples were filtered to have clean digested extracts, kept at 4 ºC in 

refrigeration system and analyzed for physico-chemical and biochemical attributes using standard 

procedures.  

3.4 KSB seed inoculation 

The KSB broth culture after 48 hours of growth was centrifuged for 6 min (@6000 rpm) and 

utilized to formulate inoculant. It was done by resuspending cell pellet in sterilized water to 108-

109 cell density, measuring OD @600 nm. Hybrid maize seed [cv. P7414, Pioneer Pakistan Seed 

Ltd.] were disinfected with 5% NaClO solution (Merck, KGaA) for 3-5 min, 3 bathing with 95% 

C2H5OH and 5 washings with disinfected distilled water. One day prior to sowing, maize seeds 

were homogeneously coated with inoculant blend (comprising 150 mL of KSB inoculant, 250 mL 

of 10% sucrose solution per kg of maize seed and peat with ¼ of peat:seed ratio by mass). Maize 

seeds for control treatments of the experiment were dressed with sterilized homogeneous blend of 

sucrose solution and peat of above said specification. Seeds were sown in pot/field next day 

following standard maize sowing methods after over-night drying under ambient laboratory 

surroundings.  

3.5 Efficacy of K-solubilizing bacteria (KSB) for improving K-nutrition of maize 

grown with different potassium sources  

The parallel pot and field trials were carried out to evaluate the capability of K solubilizing strains 

in enhancing growth, physiology, produce and K-nutrition of test crop (corn) under natural 

conditions. 

3.5.1 Pot experiment 

The study was led in pots to assess efficacy of KSB for improving K-nutrition of maize grown 

with different K sources including composted (i.e. WM-EC and K2SO4-EC) and non-composted 

(control, WM and K2SO4) treatments. The experimental site for pot study was located at Research 

Farm of the Institute of Soil and Environmental Sciences (ISES), University of Agriculture (UAF), 

Faisalabad (Latitude 31.26°N, Longitude 73.06°E and Altitude 184.4 m), Pakistan during the year 

2013. Soil subjected to pots for this experiment came from the same field which would be later 

used for field experiments.  
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Table 3.1 Physico-chemical and biochemical properties of both composts 

Compost properties  
Types of compost 

K2SO4-EC WM-EC 

Physical properties 

Moisture (%) 46.0 ± 3.11  45.63 ± 2.13 

Chemical properties  

pH 7.17 ± 0.04 7.19 ± 0.03 

EC (µS cm-1) 3267 ± 33.40 3156 ± 27.19 

Organic matter (g kg-1) 390.54 ± 2.78 391.1 ± 2.13 

Total organic-C (g kg-1) 225.4 ± 2.37 226.8 ± 1.93 

Total nitrogen (g kg-1) 19.53 ± 1.23 19.56 ± 1.29 

Total phosphorus (g kg-1) 7.42 ± 0.13 7.34 ± 0.11 

Total potassium (g kg-1) 63.17 ± 2.47 62.48 ± 2.29 

C: N ratio 11.54 ± 0.83 11.60 ± 0.78 

C: P ratio 30.37 ± 1.06 30.89 ± 1.13 

C: K ratio 3.57 ±0.08 3.63 ± 0.07 

Biochemical properties 

Dehydrogenase activity (µg TPF g-1 NEC h-1) 44.78 ± 2.89 43.19 ± 3.12 

β-glucosidase activity (µg PNP g-1NEC h-1) 67.90 ± 3.60 64.63 ± 3.90 

Urease activity (µg NH4
+ g-1 NEC h-1) 20.84 ± 1.20 19.69 ± 1.13 

Microbial biomass-C (mg kg-1 NEC) 192.56 ± 8.12 184.41 ± 7.34 

Microbial biomass-N (mg kg-1 NEC) 22.43 ± 1.10 21.13 ± 1.07 
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Factorial 5 x 2 design using five K sources (Untreated control, WM, K2SO4, WM-EC and K2SO4-

EC) and two inoculation levels (without KSB, with KSB) was employed, with complete 

randomization of four repeats of factorial treatments. The detailed description of the treatments is 

mentioned in Table 3.2.  

A sandy clay loam soil employed in current trial, belonging to the Lyallpur series of survey 

classification (featured as; aridisol-fine-silty, hyperthermic haplic yermosols according to FAO 

classification). It was acquired from agricultural fields of the University of Agriculture Faisalabad. 

Eight surface soil samples from 0-15 cm depth were collected and hand sorted in the field to 

remove any visible stones, intact dead and/or live vegetation before they were mixed thoroughly 

to form a composite sample. The composite soil sample was subjected to physico-chemical and 

biochemical investigation after air drying and screening through 2 mm mesh screen (Table 3.3). 

Earthen pots (36 x 54 cm) were filled with agricultural field soil (15 kg pot-1) which received 

nitrogen, phosphorus and potassium @ 296-167-125 kg ha-1 as urea, diammonium phosphate 

(DAP) and K from two different sources (sulfate of potash and waste mica powder), respectively. 

Phosphorus and potassium were put in initial dosage at the time of seed bed preparation for 

experiment and 1/3 of the recommended nitrogen was put during sowing and rest of the N was 

distributed separately at knee height and at flower emerging of maize plants. While, WM-EC and 

K2SO4-EC were applied @ 2000 kg ha-1 in respective treatments only according to above said 

recommended doses after chemical analyses of K concentration in both the composted materials. 

After this, optimal moistness level (around 70% of WHC) of soil was maintained through irrigation 

to make it appropriate for sowing. Five maize seeds were sown per pot under regular conditions 

of wired chamber. After germination, only one seedling per pot was retained and irrigated with 

water of 0.075 dS m-1 EC, 0.34 (mmol L-1)1/2 SAR and zero RSC. In addition to this, all agronomic 

practices were adopted to control disease and weeds during experimentation.    

At flowering stage, data about total chlorophyll contents, photosynthetic rate, transpiration 

rate, stomatal conductance, antioxidants were recorded from all replications of each treatment. 

Yield and yield constituting traits were noted at plant maturity, while, dried grains and tissues were 

evaluated for protein content, oil content, starch content and potassium concentration. While, after 

harvesting, all physicochemical and biochemical analyses of soil samples were done by using 

standard procedures in the laboratory. Few amendments were made regarding time and 

temperature in some ordinary protocol. 
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3.5.2 Field experiment  

This study was led to test the efficacy of K-mobilizing isolates for progressing growth, 

produce and K-nutrition of corn grown with different K sources including composted and non-

composted treatments. The experimental site was located at Research Farm of ISES, UAF, 

Pakistan during the year 2013. Similar factorial treatments, as mentioned in section 3.5.1, were 

randomized in three field blocks considering each block as homogeneous. The comprehensive 

portrayal of all the testimonials is mentioned in Table 3.2. 

The same agricultural field from where soil material was put for pots, was used to conduct 

field experiment while, analysis of all soil properties are mentioned in Table 3.3. For this, plot size 

(5 m x 4 m) that received N, P and K @ 296-167-125 kg ha-1 as urea, diammonium phosphate 

(DAP) and K from two different sources (sulfate of potash and waste mica powder), respectively. 

P and K were fed in start at the time seed bed preparation for experiment and 1/3 of the 

recommended nitrogen was applied at seed bed preparation while, rest of the nitrogen was 

employed in three equivalent splits at different growth stages of maize plants. While, WM-EC and 

K2SO4-EC were applied @ 2000 kg ha-1 in respective treatments only according to above said 

recommended doses after chemical analyses of K concentration in both the composted materials.  

Pre-moistening watering (up to 10 cm depth) was accomplished prior to preparation of 

seedbed. Sowing of maize seeds was performed manually through dibbler, sustaining plant gap of 

15 cm and ridge gap of 75 cm, so that he final count of plant population was around 66,000 ha-1. 

After germination, total plant count was thinned to keep the plant healthy, as initially two seeds 

were dropped per hill. Subsequently, seven irrigations were applied at various plant growth phases 

up to crop maturity. All agronomic practices were adopted to control disease and weeds during 

growth period of maize crop.    

At flowering stage, physiological attributes data and antioxidants were recorded from all 

replications of each treatment. Yield and yield constituting traits were noted at plant maturity, 

while, dried grains and tissues were evaluated for protein content, oil content, starch content and 

potassium concentration. While, after harvesting, all physicochemical and biochemical analyses 

of soil samples were done by using standard procedures in the laboratory. It was ensured that 

sampled plants should be the representative of specific treatment/replication from where these 

were chosen. A single value of above said attributes for any specific replication was the average 

of five of its representatives.   
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3.6 Optimization of potassium sulfate (K2SO4) and WM-EC coupled with K solubilizing 

bacterial inoculation for improving K-nutrition of maize  

Study was piloted aiming at optimizing the quantity of soluble & insoluble K sources (K2SO4 and 

mica) coupled with K-solubilizing bacteria for obtaining better development and produce of corn 

(Zea mays L.) crop in field. Various combinations of chemical K fertilizer and WM-EC were 

applied as treatments in this regard. 

3.6.1 Field experiment 

Trial was led aiming for optimizing the quantity of different K sources (K2SO4 and mica) without 

and with KSB inoculation in bettering development and produce of corn crop in field. This 

experiment also carried out at Research Farm of the ISES, UAF, Pakistan during the year 2014. A 

5 x 2 factorial set having six types of K sources [Untreated control and combinations of K2SO4 

and WM-EC (0-100%)] and two levels of inoculation (without and with KSB), was adopted. 

RCBD laid set with three replications having a net plot size (5m × 7m) with two factors factorial 

was put (detailed description of the treatments plant are mentioned in Table 3.4). 

The selected filed for this study, having sandy clay loam texture, fit in to the Lyallpur series 

(featured as; aridisol-fine-silty, hyperthermic haplic yermosols according to FAO classification). 

Ten superficial 0 – 15 cm deep samples were collected and analyzed following the procedure 

elaborated in section 3.5.1 (Table 3.4).  

All the agronomic and nutrient administrative practices were followed the same as 

described in section 3.5.2 for first field trial. WM-EC was applied @ 600 kg ha-1 in respective 

treatments to meet endorsed doses of K in the composted materials. 

3.7 Soil analysis 

Set of 0-15 cm deep sample of soil to be used further were acquired from each treatment section 

and examined for physico-chemical and biochemical traits. For this purpose, these were examined 

for textural class, pH, EC, OC, TN, available P, NH4OAc extractable K, H2O extractable K and 

exchangeable K. For biochemical properties of soil, TOC, DOC, MBC, MBN, DHA, β-GAA, 

urease activity (UA) and bacterial population count (Table 3.3). After harvesting the experiment, 

residual soil was analyzed for TOC, DOC, MBC, DHA, β-GAA, bacterial population, NH4OAc 

extractable potassium, H2O extractable potassium and exchange able potassium in rhizosphere as 

well as bulk soil. Standard protocols were employed to carry out said analysis.  
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Table 3.2 Description of the treatments plan   

Treatments Code Amendment type, inoculation type 

T1 Control Non-amended (untreated), non-inoculated 

T2 WM Amended with WM (K @ 125 kg ha-1), non-inoculated 

T3 SOP Amended with K2SO4 (K @ 125 kg ha-1), non-inoculated 

T4 WM-EC  Amended with WM-EC (K @ 125 kg ha-1), non-inoculated 

T5 K2SO4-EC Amended with K2SO4-EC (K @ 125 kg ha-1), non-inoculated 

T6 KSB Non-amended, inoculation with K. oxytoca -1374 (K solubilizer) 

T7 WM + KSB Amended with WM (K @ 125 kg ha-1), inoculation with KSB 

T8 K2SO4 + KSB Amended with K2SO4 (K @ 125 kg ha-1), inoculation with KSB 

T9 WM-EC + KSB Amended with WM-EC (K @ 125 kg ha-1), inoculation with KSB 

T10 K2SO4-EC + KSB Amended with K2SO4-EC (K @ 125 kg ha-1), inoculation with KSB  

WM: Waste mica powder, KSB: Potassium (K) solubilizing bacteria (Klebsiella oxytoca -1374), WM-EC: Waste mica 

enriched compost 
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Table 3.3 Physico-chemical and biochemical properties of the soil used for experiments 

Soil properties  
Value 

Field - I  Field – II 

Physical properties 

Textural class Sandy clay loam Sandy clay loam 

Sand (g kg-1 of soil) 570.0 566.0 

Silt (g kg-1 of soil) 200.0 203.0 

Clay (g kg-1 of soil) 230.0 231.0 

Chemical properties 

Ph 7.93 ± 0.04 7.90 ± 0.05 

Electrical conductivity (µS cm-1) 1130 ± 12.61 1167 ± 14.23 

Total organic-C (g kg-1) 5.82 ± 0.12 5.91 ± 0.14 

Dissolved organic C (mg kg -1) 45.54 ± 4.63 46.02 ± 3.89 

Total nitrogen (mg kg -1) 262.92 ± 9.23 270.34 ± 11.40 

Available P (mg kg -1) 6.93 ± 0.65 7.14 ± 0.63 

Available K (mg kg -1) 184.9 ± 9.23 180.6 ± 10.31 

Biochemical properties 

Microbial biomass C (mg kg-1) 286.43 ± 8.35 290.63 ± 9.13 

Microbial biomass N (mg kg-1) 12.48 ± 1.08 12.96 ± 1.12 

Dehydrogenase (µg TPF g-1 soil h-1) 15.13 ± 2.19 16.78 ± 1.98 

β-glucosidase (µg PNP g-1 soil h-1) 2.53 ± 0.83 3.11 ± 0.80 

Urease (µg NH4+ g-1 soil h-1) 21.63 ± 1.78 24.08 ± 2.10 
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3.7.1 Physicochemical and biochemical analyses of soil 

3.7.1.1 Soil texture analysis 

For soil textural class determination, oven dried soil samples were separated in to soil components 

(i.e. sand, silt and clay) by suspending them in soil water suspension and assessed through 

hydrometer technique (Moodie et al., 1959). Based on percentage of soil constituting colloids in 

soil, a textural category was ascertained using International Textural Triangle (Brady, 1990).  

3.7.1.2 Soil pH 

A blend of soil as well water in suspended ratio (1:5) was used to analyze soil pH using pH meter 

(Hanna - Hi 98107, USA). 

3.7.1.3 Electrical conductivity (EC) 

Soil samples were also investigated for EC to take insight of water soluble salts in soil. The 

conductivity bridge method was employed using procedure outlined by Jackson (1967) using EC 

meter (HANNA EC-215, USA).  

3.7.1.4 Organic matter  

Rapid dichromate oxidation method was used to estimate organic matter contents of both soil and 

compost samples (Walkley and Black, 1934). Samples were oxidized by adding 1 N K2Cr2O7 and 

concentrated H2SO4 followed by the addition of concentrated H3PO4. Oxidized contents of carbon 

were reacted against (NH4)2Fe(SO4)2 (0.5 M) using diphenylamine as an indicator (Jackson, 1967).  

3.7.1.5 Total soil nitrogen 

TSN of samples were estimated through Bremner and Tabatabai (1972) outlines, later on let to 

digestion (Kjeldahl) and distillation approach. For this, 5 mL solution was fed to Kjeldahl’s 

distillatory. Containers having 5 mL of sample aliquot and 10 mL of sodium hydroxide (40%), 

after putting 10 mL of 40% NaOH, was straightway subjected to distillation apparatus. After 

feeding a bit of Bromocresol green+Methyl red an indicator in 5 mL of H3BO3 solution (2%) in a 

100 mL conical flask, about 40-50 mL of distillate were collected. After cooling for a while, the 

distillate was treated with 0.01 N sulfuric acid until it colored into end-point, according to method 

given by Jackson (1962). 

3.7.1.6 Available phosphorus  

For available phosphorus determination, Olsen’s method was employed to estimate available P in 

soil and in compost sample (Jackson, 1967).

https://www.google.com.pk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiByLr3wb3WAhUHOxoKHaI8CNMQjhwIBQ&url=http%3A%2F%2Fwww.measurecurrent.net%2Fhanna-ph-meters.html&psig=AFQjCNHyVF7_IAQZkNI6f2BjeZH7dBCrhg&ust=1506331940677901


39 

 

Table 3.4 Description of the treatments plan  

Treatments Code Amendment type, inoculation type 

T1 Control Non-amended (untreated), non-inoculated 

T2 100% K2SO4 Amended with 100% K2SO4 (K @ 125 kg ha-1), non-inoculated 

T3 75% K2SO4 + 25% WM-EC Amended with 75% K2SO4 + 25% WM-EC (K @ 125 kg ha-1), non-inoculated 

T4 50% K2SO4 + 50% WM-EC  Amended with 50% K2SO4 + 50% WM-EC (K @ 125 kg ha-1), non-inoculated 

T5 25% K2SO4 + 75% WM-EC Amended with 25% K2SO4 + 75% WM-EC (K @ 125 kg ha-1), non-inoculated 

T6 100% WM-EC Amended with 100% WM-EC (K @ 125 kg ha-1), non-inoculated  

T7 KSB Non-amended, inoculation with Klebsiella oxytoca -1374 (K solubilizer) 

T8 100% K2SO4 + KSB  Amended with 100% K2SO4 (K @ 125 kg ha-1), inoculation with KSB 

T9 75% K2SO4 + 25% WM-EC + KSB  Amended with 75% K2SO4 + 25% WM-EC (K @ 125 kg ha-1), inoculation with KSB 

T10 50% K2SO4 + 50% WM-EC + KSB  Amended with 50% K2SO4 + 50% WM-EC (K @ 125 kg ha-1), inoculation with KSB 

T11 25% K2SO4 + 75% WM-EC + KSB Amended with 25% K2SO4 + 75% WM-EC (K @ 125 kg ha-1), inoculation with KSB 

T12 100% WM-EC + KSB Amended with 100% WM-EC (K @ 125 kg ha-1), inoculation with KSB 

WM: Waste mica powder, KSB: Potassium (K) solubilizing bacteria (Klebsiella oxytoca -1374), WM-EC: Waste mica enriched compost 
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Testing soil was treated with a diacid blend of HNO3 and HClO4 initially and a mixture of 

ammonium molybdate, ammonium vanadate and HNO3 was added up to develop color. Available 

P concentration was measured through spectrophotometer (Model Hitachi-120, Japan) at 470 nm 

wavelength. Standard phosphorus solutions were used to construct a standard curve to compare 

sample absorbance values. 

3.7.1.7 Ammonium acetate extractable potassium  

Ammonium acetate (NH4OAc) extractable potassium in soil or compost samples was estimated by 

(Richard, 1954). Repeated extractions were done from soil or compost sample using 1 N NH4OAc 

solution to separate out this fraction of K from samples. After centrifugation, supernatants were 

filtered to remove remaining soil particles and NH4OAc extractable K concentration was 

determined by flame photometrically using K filter at 767 nm wavelength.  

3.7.1.8 Water extractable potassium 

To estimate water (H2O) extractable K, soil or compost samples were shaken with distilled water 

for 1 h and supernatant was filtered through filter paper after centrifugation. H2O extractable-K 

was determined by Flame Photometrically using K filter at 767 nm wavelength (Richard, 1954).  

3.7.1.9 Exchangeable potassium  

Fraction of soil K adhering to exchange sites of clays minerals in soil is estimated by subtracting 

the value of H2O-K contents from NH4OAc-K concentration as suggested by Jackson (1967). 

3.7.1.10 Total organic carbon  

TOC content from a soil or compost sample was evaluated using rapid dichromate oxidation of 

organic carbon (Walkley and Black, 1934) explained in section 3.3.2.1.4. Final values of total 

organic carbon contents in sample were determined by multiplying the readings with factor 1.334.  

3.7.1.11 Dissolved organic carbon 

Extraction of dissolved organic carbon (DOC) contents was carried out through H2SO4-K2Cr2O7 

digestion (Walkley and Black, 1934) and 0.5 M K2SO4 was further applied to measure dissolved 

organic carbon contents present in extracts through H2SO4-K2Cr2O7 digestion. 

3.7.1.12 Microbial biomass carbon 

Fumigation-extraction procedure elaborated by Vance et al. (1987) was applied to estimate soil 

MBC. Testing matters were put to fumigation for 24 h in a vacuum desiccator with ethanol free 
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from chloroform followed by extraction with K2SO4 (0.5 M) and filtration. Likewise, extraction 

of non-fumigated samples was also carried out for comparison. Dichromate digestion was 

performed to measure oxidizable carbon in both extracts and MBC was determined by comparing 

the oxidizable carbon content considering efficiency factor as 0.45. Gravimetric water was also 

determined from a subsample of same soil which was subsequently put for pot as well as field 

experiment, to express the results on oven dry soil basis. 

3.7.1.13 Microbial biomass nitrogen 

MBN from a soil or compost sample was also assessed by fumigation-extraction procedure 

elaborated by Vance et al. (1987). Fresh soil or compost samples were fumigated and extracted in 

the same way as were in case of MBC determination. MBN content in extracted samples was 

determined with distillation and follow up H2SO4 titration procedure as described in total N, with 

minute amendments.  

3.7.1.14 Soil dehydrogenase activity 

DHA was assesseded using the method of Tabatabai (1994). It was measured on the basis of 

degradation of triphenyltetrazolium chloride (substrate of dehydrogenase enzyme) to triphenyl 

formazan (TPF) by soil dehydrogenase. After incubation of samples, amount of TPF formed was 

colorimetrically calculated at wavelength of 485 nm. 

3.7.1.15 Soil β-glucosidase activity (β-GAA) 

Soil β-GAA (mg PNP g-1 soil h-1) was estimated as depicted in method of Eivazi and Tabatabai 

(1988). It included the colorimetric assessment of the p-nitrophenol formed on incubating 1.0 g of 

fresh sample with buffered solution (pH 6.0) of p-nitrophenyl glycoside for 1 h at 37°C. For 

extraction of p-nitrophenol, 0.1 M Tris (hydroxymethyl) aminomethane and 0.5 M CaCl2 (both at 

pH 12) were used. Mixture having p-nitrophenyl glycoside without incubation served as control 

and mixture without soil served as blank. 

3.7.1.16 Cultivable bacterial population  

Cultivable bacterial population was quantified from sampled corn plants by emulsifying root 

clinging soil samples with disinfected water and plating 50 mL aliquots of sequentially diluted (up 

to 10-8) soil suspensions on Bacto-Pseudomonas F (BPF) medium in trplicate. Colony forming 

units (CFU) on plates were computed after 3-5 days after these were incubated at 28±2°C and said 

as CFU g-1 dry soil. 
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Table 3.5 Meteorological data of mean temperature, humidity and rainfall were collected during growth period of maize from 

the month of February to July during 2013-2014 

Month 

 

Temperature 
RH Rainfall 

Pan 
Sun shine ETo Wind speed 

 Maximum  Minimum Average Evaporation 

ºC ºC ºC % mm Mm hours mm km h-1 

2013 

March 26.97 13.00 19.98 61.23 01.30 3.62 8.65 2.54 5.35 

April 33.45 19.68 26.57 36.67 21.60 6.13 8.87 4.29 6.19 

May  39.72 24.37 32.05 24.52 04.60 8.97 10.40 6.28 6.76 

June 39.47 27.86 33.67 43.30 67.50 8.01 9.38 5.61 6.77 

July 37.37 28.58 32.98 58.55 4.70 5.90 9.00 4.13 7.29 

2014 

March 24.73 13.62 19.18 60.06 41.70 2.95 07.37 2.07 5.34 

April 32.18 18.63 25.41 52.20 28.20 5.33 08.84 3.73 5.81 

May  36.60 23.69 30.15 33.19 41.20 6.78 10.40 4.75 6.23 

June 40.93 28.06 34.49 33.50 07.10 8.38 09.38 5.86 6.36 

July 37.37 28.58 32.98 58.55 04.70 5.90 09.00 4.13 7.29 

ETo: Evapotranspiration, RH: Relative humidity 
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3.8 Meteorological data 

Chronologically collected meteorological data of growing season of the experimental crop was 

acquired from the meteorology section (situated 400 m from experimental field) of the Crop 

Physiology Department of UAF and its details are presented in Table 3.5. 

3.9 Plant analyses 

Maize plant during pot and field trials were observed for growth parameters (plant height, fresh 

and dried biomasses of shoot and root,), yield parameters (grain count on one cob, weight of all 

grains on a cob, weight of one thousand grains and total grain produce), physiological parameters 

(rate of photosynthetic and transpiration activities, WUE, conductance of gases through stomata, 

and chlorophyll contents), antioxidant enzymes activities (catalase, peroxidase and superoxide 

dismutase) and grain quality parameters (protein contents, starch contents and oil contents). Data 

regarding these parameters were recorded through following procedures. 

3.9.1 Plant physiological parameters  

These above said attributes were recorded using IRGA and SPAD by following Long and 

Bernacchi (2003) outlines. 

3.9.2 Antioxidant enzyme assays 

Prior to assessment of these attributes, plant leaves were subjected to extraction according to 

standard procedure. CAT and POD were assessed through Chance and Maehly (1955) outlines, 

while for SOD, method elaborated by Gong et al. (2005) was applied.  

3.9.3 Potassium (K) concentration in plant tissues 

Shoot, root and grain samples, after washing with dd-water and air-drying at 85oC up to two days, 

were followed by screening in thirty-mesh sized sieve. Ashing and subsequent dispersion was 

carried out to get plant extract. K content in shoot, root and grain was determined by Flame 

Photometer (Chapman and Pratt, 1961).  

3.9.4 Grain quality parameters of maize 

3.9.4.1 Protein content in grain 

A 100g of grains were subjected to quantify protein through Micro Kjeldahl procedure 

(Anonymous, 1980) and calculated using formula as: 

Crude protein content = Nitrogen content × 6.25 
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3.9.4.2 Starch concentration 

Starch concentration was assessed through McCleary et al. (1994) method, with some minor 

adjustments. Briefly, aqueous 0.2 mL ethanol (50%, v/v) was added in to 100 mg of sample in 

glass test tube to aid wetting. After this, 1 mL of dimethyl sulfoxide (DMSO) was then added with 

vigorous mixing, and the tube was subjected to water-bath heating for 5 minutes. Diluted 

thermostable α-amylase (2 mL, 40U) was added with stirring, and the tubes were heated in a 

boiling water bath for a further 2 min. Diluted pullulanase-P-amylase solution (4.0 mL, 12.5U and 

50U, respectively) was added with stirring, and the tube was subjected to incubation at 50°C for 

an hour. A 100 ml volume was adjusted by putting these contents to another container. Aliquots 

(0.1 mL) were mixed and then incubated with diluted amyloglucosidase solution (0.1 mL, 2U) for 

10 min at 50°C. Glucose oxidase-peroxidase-4-aminoantipyrine (GOPOD) reagent (3 mL) was 

then added to each tube. Contents were mixed in a test tube stirrer during continued incubation. 

Absorbance was measured against a reagent blank at 510nm with spectrophotometer. 

3.9.4.3 Oil concentration in grain 

For this, 50 g clean seeds of maize were taken from every replication of each treatment for oil 

contents determination by AOCS method (AOCS, 1993).  

3.10 Statistical analysis 

Numerical data of all above said attributes was subjected to ANOVA and response surface 

methodology following STATISTIX 10.0 statistical package (Statistix, 2013). Dissimilarity in 

treatment means was paralleled by LSD test at 0.05 P (Steel et al., 1997).  
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CHAPTER IV 

RESULTS 

A series of lab, net house (in pots) and field trials were carried out to assess efficacy of rhizobacteria 

for solubilizing K-bearing minerals and augmenting growth and produce of corn crop by improving 

potassium nutrition. For this, several rhizobacterial strains were acquired from the rhizospheric soil 

sampled from corn fields. Effectual rhizobacteria were subjected to screening based on growth 

promoting activities under controlled environment chambers. Effectiveness of K-solubilizing 

rhizobacteria was also evaluated in the soil amended with the compost enriched with source of K, 

both in pots as well as in field situations. Field experiments were led at Research Farm, UAF, 

Pakistan. Followings are the research outcomes of said trials. 

4.1 Isolation, screening, characterization and identification of effective rhizobacterial 

strains for solubilization of K-bearing mineral (mica) 

4.1.1 Isolation and purification of effective K-solubilizing rhizobacterial isolates 

Microbial activity regarding natural biogeochemical cycling of different forms of K in agricultural 

soils depends on variety of factors. These can be categorized as soil factors (parent material, age, 

fertilizer application and organic matter contents), environmental factors (precipitation, temperature 

and moisture), plant factors (nature, population, root exudation and crop cover) and microbe related 

factors (population and diversity). To isolate a diverse set of KSR, core corn growing areas (Sahiwal 

and Okara), non-core corn growing areas (Faisalabad and Toba Tak Singh) and corn fields along 

the river banks (Chenab and Ravi) were sampled for rhizospheric soil. Preliminary, one hundred 

and eight (108) well grown and morphologically distinct colonies were selected for purification. 

Selection of KSR isolates was based on growth of colonies on specific medium (Aleksandrov’s 

medium).  

4.1.2 Screening of effective K-solubilizing rhizobacterial isolates on qualitative and 

quantitative basis 

4.1.2.1 Qualitative screening of selected K-solubilizing rhizobacterial isolates  

After purification, these isolates were tested for their K solubilization potential from waste mica on 

qualitative basis. In qualitative screening, growths were chosen based on halo zone formation on 
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Aleksandrov’s medium agar plates in 96 hours. Results about qualitative test showed that bacterial 

isolates with (+, ++ and +++) signs produced halo zone of size <2mm, >2mm and >3mm, 

respectively (Table 4.1). While, KSB isolates with (-) sign were unable to form any halo zone on 

Aleksandrov’s agar medium plates during incubation (96 h). Thirty six (36), out of one hundred and 

eight (108) isolates showed Highest growth on Aleksandrov’s medium spiked with waste mica 

(WM) as an insoluble source of potassium. Twenty nine (29) isolates produced halo zone of >2mm 

size while seven (7) isolates produced halo zone of >3mm. These 36 isolates were selected for 

further quantitative screening which produced halo zone efficiently. These isolates purified and 

preserved for further experimentation. 

4.1.2 Quantitative screening of selected K-solubilizing rhizobacterial isolates  

For quantitative test, thirty six (36) isolates were screened for K-solubilization potential from waste 

mica in Aleksandrov’s broth within 72 hours of incubation (Table 4.2). Out of 36 isolates, four KSB 

isolates had shown Highest solubilization of K that was more than 40 mg L-1 from waste mica 

enriched compost (WMEC). Highest K-mobilization (49.8 mg L-1) was recorded as a result of 

inoculation with bacterial isolate KSB28, while minimum concentration was 14.3 mg L-1, 

comparing to control without inoculation. Most of them showed solubilization of K in the range 16-

22 mg L-1. The most effective isolates (i.e. KSB24, KSB26, KSB28 and KSB31) had shown K-

solubilization 42.2, 41.7 and 43.1 mg L-1 respectively, from WM in Aleksandrov’s broth after 72 

hours of incubation. 

4.1.3 General characterization of selected K-solubilizing rhizobacterial isolates  

Four (04) most efficient KSB isolates were subjected to general characterization (morphological 

and biochemical) and further experimentation (Table 4.3). Results are depicting that all of 4 selected 

KSB isolates were rod shaped. KSB1and KSB2 were yellowish in color while KSB3 and KSB4 

were off-white in color. The isolates KSB1 and KSB2 were negative in motility, sporulation and 

gram staining while other two strains (KSB3 and KSB4) were positive in motility, sporulation and 

gram staining. For halotolerance, isolates KSB3 and KSB4 were negative while KSB1 and KSB2 

were positive. In case of biochemical characteristics, all KSB isolates were positive for amylase 

production, K-solubilization and P-solubilization (Table 4.3). Only two isolates (KSB3 and KSB4) 

were positive for lipase and protease production. Cellulase production was observed in KSB1 and 

KSB2 and found absent this activity in KSB3 and KSB4 isolates. For N-fixation, all strains showed 

positive response except KSB4. 
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Figure 4.1 An overview of isolation of K-solubilizing bacterial isolates 
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Figure 4.2 An overview of purification of K-solubilizing bacterial isolates 
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Table 4.1.1 Qualitative screening of K-solubilizing rhizobacterial isolates 

Isolate Score Isolate Score Isolate Score 

D/S1/D6/I1 ++ D/S2/D6/I1 + S/S1/D5/I1 + 

D/S1/D6/I2 + D/S2/D6/I2 - S/S1/D5/I2 + 

D/S1/D6/I3 + D/S2/D6/I3 + S/S1/D5/I3 - 

D/S1/D5/I1 ++ D/S2/D7/I1 + S/S1/D6/I1 - 

D/S1/D7/I2 - D/S2/D7/I2 +++ S/S1/D6/I2 - 

D/S1/D7/I3 + D/S2/D7/I3 + S/S1/D6/I3 + 

D/S2/D6/I1 + D/S3/D5/I1 + S/S2/D4/I1 + 

D/S2/D6/I2 - D/S3/D5/I2 ++ S/S2/D4/I2 - 

D/S2/D6/I3 + D/S3/D5/I3 + S/S2/D4/I3 - 

D/S2/D7/I1 + D/S3/D6/I1 ++ S/S2/D5/I1 + 

D/S2/D7/I2 +++ D/S3/D6/I2 - S/S2/D5/I2 - 

D/S2/D7/I3 + D/S3/D6/I3 + S/S2/D5/I3 - 

D/S1/D6/I1 ++ D/S4/D6/I1 + O/S1/D4/I1 + 

D/S1/D6/I2 + D/S4/D6/I2 - O/S1/D4/I2 + 

D/S1/D6/I3 + D/S4/D6/I3 - O/S1/D4/I3 - 

D/S1/D5/I1 ++ D/S4/D7/I1 + O/S1/D5/I1 ++ 

D/S1/D7/I2 - D/S4/D7/I2 - O/S1/D5/I2 + 

D/S1/D7/I3 + D/S4/D7/I3 + O/S1/D5/I3 + 

F/S1//D5/I1 + T/S1/D4/I1 + C/S2//D5/I1 +++ 

F/S1/D5/I2 + T/S1/D4/I2 + C/S2/D5/I2 + 

F/S1/D5/I3 ++ T/S1/D4/I3 ++ C/S2/D5/I3 + 

F/S1/D6/I1 + T/S1/D5/I1 + C/S2/D6/I1 ++ 

F/S1/D6/I2 + T/S1/D5/I2 ++ C/S2/D6/I2 + 

F/S1/D6/I3 + T/S1/D5/I3 ++ C/S2/D6/I3 +++ 

F/S2/D4/I1 + T/S2//D5/I1 ++ R/S1/D6/I1 + 

F/S2/D4/I2 ++ T/S2/D5/I2 + R/S1/D6/I2 ++ 

F/S2/D4/I3 ++ T/S2/D5/I3 + R/S1/D6/I3 + 

F/S2/D5/I1 + T/S2/D6/I1 ++ R/S1/D7/I1 + 

F/S2/D5/I2 + T/S2/D6/I2 + R/S1/D7/I2 ++ 

F/S2/D5/I3 ++ T/S2/D6/I3 ++ R/S1/D7/I3 +++ 

F/S3//D5/I1 + C/S1/D6/I1 ++ R/S2//D5/I1 ++ 

F/S3/D5/I2 + C/S1/D6/I2 + R/S2/D5/I2 ++ 

F/S3/D5/I3 ++ C/S1/D6/I3 +++ R/S2/D5/I3 +++ 

F/S3/D6/I1 ++ C/S1/D7/I1 + R/S2/D6/I1 ++ 

F/S3/D6/I2 + C/S1/D7/I2 ++ R/S2/D6/I2 + 

F/S3/D6/I3 ++ C/S1/D7/I3 ++ R/S2/D6/I3 + 

-: No halo zone formation, +: Halo size < 2mm, ++: Halo size > 2mm, +++: Halo size > 3mm  
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Table 4.1.2 Quantitative screening of selected K-solubilizing rhizobacterial isolates  

Bacterial isolate Score Bacterial isolate Score 

KSB1 19.2 KSB19 16.9 

KSB2 17.1 KSB20 22.5 

KSB3 38.3 KSB21 24.3 

KSB4 21.7 KSB22 17.9 

KSB5 21.8 KSB23 39.4 

KSB6 21.2 KSB24 42.2 

KSB7 20.1 KSB25 22.4 

KSB8 20.6 KSB26 41.7 

KSB9 19.5 KSB27 25.5 

KSB10 19.1 KSB28 49.8 

KSB11 16.9 KSB29 25.3 

KSB12 18.8 KSB30 23.5 

KSB13 14.3 KSB31 43.1 

KSB14 24.7 KSB32 21.5 

KSB15 13.8 KSB33 19.8 

KSB16 17.3 KSB34 39.8 

KSB17 17.4 KSB35 23.2 

KSB18 19.4 KSB36 20.7 
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Table 4.1.3 General characterization of K-solubilizing rhizobacterial isolates  

Characters KSB1 KSB2 KSB3 KSB4 

Morphological 

Shape Rod Rod Rod Rod 

Color Yellowish Yellowish Off-white Off-white 

Motility - - + + 

Sporulation - - + + 

Gram staining - - + + 

Halotolerance + + - - 

Biochemical 

Amylase production + + + + 

Catalase production + + - + 

Cellulase production + + - - 

K-solubilization + + + + 

Lipase production - - + + 

N-fixation + + + - 

P-solubilization + + + + 

Protease Production - - + + 
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4.1.4 Utilization of different carbon sources by K-solubilizing rhizobacterial isolates  

Ability of microbial strains to utilize a variety of carbon (C) sources is an excellent trait to perform 

in actual soil conditions, as real soil conditions do not offer steady sources of C for biomass 

assimilation as are used in various media. Growth and activity of microbial strain can be correlated 

with ease of utilization of C sources that are not easily degradable. Selected KSB candidates were 

then tested for efficiency to take-up various C sources by growing on Aleksandrov’s media where 

glucose was replaced with arabinose, cellulose, citrate, galactose, sucrose and xylose (Table 4.4). 

All four isolates were able to utilize all type of selected C sources efficiently except cellulose 

source which was utilized by KSB1 and KSB2 only. While other two isolates (KSB3 and KSB4) 

were negative in cellulose utilization.  

4.1.5 Characterization of the selected isolates for plant growth promotion (PGP) 

activities 

The selected KSB candidates were assessed for some PGP activities in lab situations. Results about 

PGP activities are mentioned in Table 4.5. 

4.1.5.1 ACC-deaminase activity 

Highest ACC-deaminase activity (324.6 α-KB μmol g-1 protein h-1) was recorded in bacterial 

isolate KSB1 while activity was absent in KSB4. Rest of the isolates (KSB2 and KSB3) also gave 

308.2 and 304.6 α-KB μmol g-1 protein h-1, respectively. 

4.1.5.2 Chitinase activity 

All bacterial isolates showed chitinase activity but highest chitinase activity (42.4 µmol of Glc 

NAc min-1 mg-1 protein) was observed in KSB1 while minimum chitinase activity was recorded 

in KSB3. 

4.1.5.3 Exopolysaccharides production 

All K-solubilizing bacterial strains showed production of exopolysaccharides. Highest 

exopolysaccharides production (84.6 µg mL-1) was obtained as result of KSB1 isolate while 

minimum exopolysaccharides (54.4 µg mL-1) was produced by strain KSB3.  

4.1.5.4 Indole acetic acid (IAA) production 

Highest IAA production (103.4 mg L-1) was recorded in KSB1 strain. Least IAA generation (47.2 

mg L-1) was witnessed for KSB3. While, rest of the strains also produced IAA up to 93.6 mg L-1.  
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Table 4.1.4 Utilization of different carbon sources by K-solubilizing rhizobacterial isolates 

Carbon source 
K-solubilizing bacterial isolates 

Klebsiella oxytoca 
CAV1374 (KSB1) 

Klebsiella oxytoca 
CAV1102 (KSB2) 

Ensifer adhaerens OV14 
(KSB3) 

KSB4 (Arthrobacter spp. 
ATCC 21022 (KSb4) 

Arabinose + + + + 

Cellulose + + - - 

Citrate + +  + + 

Galactose + + + + 

Sucrose + + + + 

Xylose + + + + 

 

 

Table 4.1.5 Characterization of selected K-solubilizing rhizobacteria for plant growth promoting activities (Quantitative) 

Bacterial 

isolates 

Plant growth promoting (PGP) activities (Quantitative) 

ACC-deaminase 

(α-KB μmol g-1 

protein h-1) 

Indole-acetic acid production 

(mg L-1) 

Chitinase 

(µmol of Glc 

NAc min-1 mg-

1 protein) 

Exopolysaccharide 

production (µg 

mL-1) 

K-solubilization 

(mg L-1) [0.5% 

WM enriched 

medium] 

Phosphate 

solubilization 

[0.5% RP 

enriched 

medium] 

Siderophores 

production 

(SU %) Without L-

TRP 

With L-TRP 

KSB1 324.6 ± 17.3 56.8 ± 3.76 103.4 ± 6.23 42.4 ± 2.86 84.6 ± 4.65 47.3 ± 1.92 116.8 ± 5.62 54.3 ± 3.84 

KSB2 308.2 ± 12.6 47.6 ± 3.13 93.6 ± 5.38 34.6 ± 3.68 71.2 ± 6.26 43.7 ± 2.83 107.3 ± 3.94 46.8 ± 3.69 

KSB3 304.6 ± 12.6 33.4 ± 2.56 47.2 ± 7.49 27.3 ± 5.32 54.4 ± 4.54 29.7 ± 3.41 62.4 ± 4.85 32.6 ± 4.62 

KSB4 - 39.9 ± 2.90 78.4 ± 5.42 32.5 ± 4.28 62.8 ± 3.34 34.8 ± 3.18 81.3 ± 1.93 36.9 ± 3.68 

KSB1: Klebsiella oxytoca CAV1374; KSB2: Klebsiella oxytoca CAV1102; KSB3: Ensifer adhaerens OV14; KSB4: Arthrobacter spp. ATCC 21022; α-KB: α-

ketobutyrate 
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4.1.5.5 Potassium (K) solubilizing activity 

All bacterial isolates showed K-solubilizing activity in Aleksandrov’s medium spiked with 0.5% 

waste mica. Highest K-solubilization was observed in case of KSB1 (47.3 mg L-1) followed by the 

KSB2 (43.7 mg L-1). Rest of the isolates also showed up to 34.8 mg L-1 K solubilization. 

4.1.5.6 Phosphate solubilizing activity 

Highest P-solubilizing activity was found to be associated with KSB1 (116.8 mg L-1) followed by 

KSB2 isolate. Other isolates KSB2 and KSB4 also showed P-solubilization up to 81.3 mg L-1. 

4.1.5.7 Siderophores production 

Bacterial isolate KSB1 showed Highest siderophores production (54.3%) followed by the KSB2 

strain (46.8%). Minimum siderophores production was recorded in KSB3 (32.6%).  

4.1.6 Identification of selected K solubilizing bacterial isolates 

Genomic DNA of KSB candidates chosen for further assessments was acquired through spin kit 

and then amplified using 16Sr RNA universal primers. After checking the quality by gel 

electrophoresis and nano-drop method, PCR products were sequenced. Nucleotide sequences were 

examined by BLASTn (Basic Local Alignment Search Tool for nucleotides) on NCBI (National 

Center for Biotechnology Information) GenBank. Evolutionary trees were made through 

Neighborhood joining method. 

The strains Klebsiella oxytoca CAV1374, Klebsiella oxytoca CAV1102, Ensifer adhaerens 

OV14 and Arthrobacter spp. ATCC 21022 were found to be involved in higher K-solubilization 

from WM than other isolates. The KSB isolated from soils with low doses of applied K-fertilizers 

or unfertilized soils showed more solubilization potential over fertilized ones.  K. oxytoca strain 

showed higher potential in improving soil health than rest of the strains. Growth on cellulose, as a 

C source, is more promising feature for growth under actual soil conditions. While selected strains 

not only showed mineral solubilization but other plant growth promotion traits were also observed. 

4.2 Optimization of growth conditions for potassium (K) solubilizing bacteria from mica in 

broth medium 

A lab experiment was conducted to optimize of growth conditions for K-solubilizing bacteria strain 

to release highest K from mica. Three carbon (C) sources (i.e. glucose, galactose and cellulose) at 

four temperatures levels (25, 30, 35 and 40oC) were utilized and pH for each combination was 

maintained in the range of 6.5, 7.0, 7.5 and 8.5 separately. K-solubilizing activity was expressed 
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Figure 4.3 An overview of the quality of PCR product through gel electrophoresis 
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Figure 4.4 Phylogenetic analysis of Klebsiella oxytoca (CAV1374) using BLASTn NCBI by 

neighborhood joining method 
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Figure 4.5 Phylogenetic analysis of Klebsiella oxytoca (CAV1104) using BLASTn NCBI by 

neighborhood joining method 
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Figure 4.6 Phylogenetic analysis of Ensifer adhaerens (OV14) using BLASTn NCBI by 

neighborhood joining method 
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Figure 4.7 Phylogenetic analysis of Arthrobacter spp. (ATCC21022) using BLASTn NCBI 

by neighborhood joining method 
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in terms of K concentration released in Aleksandrov’s broth medium after 96 hours of incubation. 

Results about K solubilization revealed that strain Klebsiella oxytoca performed efficiently 

at all C sources (i.e. Glucose, galactose and cellulose). Highest and minimum K-mobilization was 

assessed in a media with glucose and cellulose as a C source respectively. This trend was found 

consistent with all temperatures and pH values. Increment in temperature negatively affected the 

K-solubilizing activity at any pH values and any C source. Highest K-solubilization was observed 

at 25-30oC with all C sources and pH values and, subsequently decreased K-solubilization was 

recorded with increment in temperature. Similarly, Highest amount of K-solubilized was recorded 

at pH 7.0 at all temperatures with all C sources. Optimum conditions of growth medium for Highest 

K-solubilization and K-solubilizing activity were found as: glucose was the best C source at 25-

30 ºC and pH of 6.8-7.2 for growth medium. Graphical description of results is shown in the figures 

4.4, 4.5, 4.6 and 4.7. 

4.3 Efficacy of K-solubilizing bacteria (KSB) for improving K-nutrition of corn grown with 

different potassium (K) sources under pot conditions 

Based on the capability of K-solubilizing bacteria to encourage growth and produce of corn with 

different sources of K, a study was designed to evaluate the efficacy of KSB for improving K-

nutrition of corn grown with different K sources including composted (WM-EC and K2SO4-EC) 

and non-composted (control, WM and K2SO4) treatments in pots. Results of this study are 

mentioned below. 

4.3.1 Plant height  

Results about plant height showed that integrated application of KSB inoculation with WM-EC 

and K2SO4-EC had shown substantial (p< 0.05) impact on height of corn plants as compared to 

control and WM treatments (Table 4.3.1). Highest increment in plant tallness (up to 59.6%) was 

recorded as result of K2SO4-EC application followed by K2SO4 treatment that increased the plant 

height 48.5% over untreated one. Application of WM-EC also showed a substantial (p<0.05) 

improvement in plant height that was 22% higher over control treatment. While, application of 

WM revealed non-substantial (p< 0.05) in plant height than control treatment.  

More promising increment in plant height was obtained when these treatments were tested 

with KSB inoculation as compared to untreated one. Highest increment in plant height (up to 

65.3%) was recorded due to application of K2SO4-EC + KSB inoculation over untreated one. Next 

effect treatment was K2SO4 + KSB inoculation that gave 56.2% more increment in plant height 
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Figure 4.6 3D relationship between glucose (C source), temperature (°C) and pH. 3D 

stoichiometric relationships = Glucose and pH: R2= 77.30, p<0.001, n = 0.032; Glucose and 

temperature (°C): R2 = 77.30, p<0.001, n= 0.002, pH and temperature (°C): R2 = 77.30, 

p<0.001, n = 0.341 

 

 

 

 

 

 

Glucose = -189.2863-2.4196*x+77.2238*y-0.0062*x*x+0.2656*x*y-6.1009*y*y

 > 35 

 < 35 

 < 30 

 < 25 

 < 20 

 < 15 

 < 10 

 < 5 

24
26

28
30

32
34

36
38

40
42

44
46

Temperature (°C
)

6.4
6.6

6.8
7.0

7.2
7.4

7.6
7.8

8.0
8.2

8 .4
8 .6

pH

5

10

15

20

25

30

35

40

45

50

G
lu

c
o
s
e



62 

 

 

 

 

Figure 4.7 3D relationship between galactose (C source), temperature (°C) and pH. 3D 

stoichiometric relationships = Galactose and pH: R2= 77.41, p<0.001, n = 0.035; Galactose 

and temperature (°C): R2 =77.41, p<0.001, n= 0.002, pH and temperature (°C): R2 = 77.41, 

p<0.001, n = 0.135 
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Figure 4.8 3D relationship between cellulose (C source), temperature (°C) and pH. 3D 

stoichiometric relationships = Cellulose and pH: R2 = 81.72, p<0.001, n = 0.011; Cellulose 

and temperature (°C): R2 = 81.72, p<0.001, n= 0.001, pH and temperature (°C): R2 = 81.72, 

p<0.001, n = 0.043 
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Figure 4.9 Optimization of temperature, pH and carbon source for Highest release of 

potassium by KSB from mica in broth medium 
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than control treatment. Treatment (WM-EC + KSB) also expressively (p< 0.05) enlarged the plant 

height (up to 43.5 %) than untreated one. Rest of the treatments (WM and KSB inoculation) also 

increased plant tallness expressively as compared to control treatments while effect of both 

treatments was found statistically (p< 0.05) at par.  

4.3.2 Fresh biomass 

Data mentioning fresh biomass showed that all treatments considerably (p< 0.05) improved the 

fresh biomass as compared to untreated one except WM. Highest fresh biomass was produced due 

to application of K2SO4-EC that gave 70.8% increment in fresh biomass followed by K2SO4 

treatment that also increased the fresh biomass up to 54.5 % higher than control. Next effective 

treatment was WM-EC that enhanced the fresh biomass up to 22% compared to control while, sole 

application of WM did not increase the fresh biomass expressively (p< 0.05) as compared to 

untreated one treatment.  

For KSB application, all of the tested units depicted prominent (p< 0.05) difference in fresh 

biomass as compared to untreated one. Highest fresh biomass (up to 80%) produced because of 

K2SO4-EC + KSB inoculation followed by treatments (K2SO4 and WM-EC) plus KSB inoculation 

exhibiting 65.6 and 38.3% rise in fresh biomass respectively, over untreated one. Rest of the 

treatments (WM-EC + KSB and sole KSB inoculation) gave non-expressively (p< 0.05) higher 

fresh biomasses as compared to untreated one. 

4.3.3 Grain produce per plant 

Results about grains produced per plant presented that all treatments gave noteworthy increment 

in grain produce per plant over untreated one except WM treatment (Table 4.3.2). Highest rise in 

grain produce per plant was observed up to 81% for the application of K2SO4-EC and followed by 

K2SO4 (up to 60%) as compared to untreated one. Next effect treatment (WM-EC) that gave 26.2% 

substantial (p< 0.05) increment in grain produce per plant than untreated one. While, application 

of WM treatment did not show substantial increment in grain produce per plant when paralleled 

with untreated one.  

When tested with KSB inoculation, all treatments showed substantial (p<0.05) effect on 

grain produce per plant over untreated one. Highest grain produce per plant (up to 109% more) was 

obtained by application of K2SO4-EC plus KSB inoculation followed by K2SO4 + KSB inoculation 

that gave up to 70% increment in grain produce per plant than control treatment. But application 
of WM-EC + inoculation with KSB was next effective treatment in generating grain produce per  
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Table 4.3.1 Integrated effect of KSB inoculation and different potassium sources on plant height, fresh biomass and grain 

produce of corn (Zea mays L.) under pot conditions 

Treatments 
Plant height (cm) Fresh biomass (g) Grain produce per plant (g) 

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 109.3 g 120.5 f 189.2 g 213.3 f 57.79 g 66.40 f 

WM 113.2 fg 122.3 f  195.8 g 216.5 f 60.90 g 68.41 ef 

K2SO4  162.3 c  170.7 b 292.4 c 313.4 bc  92.40 cd 98.14 c 

WM-EC 133.3 e 156.8 cd 230.7 e 261.6 d  72.90 e 87.87 d 

K2SO4-EC 174.5 ab 180.7 a 323.2 b 340.4 a 104.56 b 120.78 a 

LSD value 11.64 12.76 7.27 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended dose of potassium sulfate; WM-EC = 

Waste mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost. Values are means of four replicates followed by ± standard error of means 

(n=4). Values sharing different letters, in a column, differ expressively from each other at p< 0.05. 
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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plant as compared to untreated one. While, others (WM + KSB and sole KSB inoculation) showed 

non-prominent (p<0.05) change in grain produce among each other but their effect on grain 

produce per plant was substantial (p<0.05) over respective control. 

4.3.3 Dry biomass per plant 

Data regarding dry biomass per plant showed that all treatments ominously developed the dried 

biomass per plant as compared to untreated one except WM treatment (Table 4.3.2). In case of 

uninoculated treatments, Highest dry biomass per plant (64.1% more over control) was produced 

due to application of K2SO4-EC followed by treatment K2SO4 that also gave 54.5% higher biomass 

per plant than control. Next effective treatment (WM-EC) pointedly (p<0.05) augmented the dry 

biomass for one plant up to 26.4% over untreated one. Addition of WM as K source could not 

increase expressively (p< 0.05) dry biomass per plant compared to untreated one. 

Integrated allocation of various K sources with KSB inoculation revealed highly 

noteworthy (p< 0.05) effect on dry biomass as compared to control. Highest (up to 74.7%) dry 

biomass per plant was produced due to application of inoculated K2SO4-EC followed by treatment 

K2SO4 + KSB inoculation that exhibiting 59.1% increment in dry biomass per plant over untreated 

one. Application of WM-EC along with KSB inoculation also increased (41.3%) the dry biomass 

per plant expressively (p< 0.05) as compared to control treatment. Rest of the treatments (WM + 

KSB and sole inoculation with KSB) also improved the dry biomass expressively (p< 0.05) that 

was up to 14.6% higher than control treatment. 

4.3.4 Number of grains per plant 

Data about grains count per plant showed that among uninoculated treatments, highest grains count 

was observed by the usage of K2SO4-EC that was up to 22.5% more than control. Next effective 

treatments (K2SO4 and WM-EC) also increased the number of grains per plant expressively (p< 

0.05) that was up to 13.6% higher than untreated one while, effect of both treatments were found 

at par to each other.  While, minimum increment in number of grains per plant was recorded due 

to application of WM as compared to untreated one.  

When these treatments were tested with KSB inoculation, all treatments showed more 

promising increment in number of grains per plant in comparison to untreated one. Highest number 
of grains per plant (up to 31.2% higher than control) was obtained by application of K2SO4-

EC + KSB inoculation followed by K2SO4 + KSB inoculation. Application of inoculated WM-

EC also improved the number of grains per plant (17.5%) expressively (p< 0.05) as compared
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Table 4.3.2. Integrated effect of KSB inoculation and different potassium sources on dry biomass and 1000-grain weight of corn 

(Zea mays L.) under pot conditions 

Treatments 
Dry biomass (g) Number of grain per cob 1000-grain weight (g) 

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 150.5 h 167.2 fg 346.7 e 392.3 c 166.7 d 169.3 d 

WM 156.7 gh 172.4 f 361.0 d 396.0 cd 168.7 d 172.7 cd 

K2SO4  232.5 c 239.5 bc 394.0 c  414.0 ab 240.3 a 245.3 a 

WM-EC 190.3 de 212.7 d 384.5 c  407.3 b 185.0 c 219.0 b 

K2SO4-EC 246.9 b 262.9 a 424.7 b 455.0 a 246.1 a 248.3 a 

LSD value 10.8 11.7 16.4 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended dose of potassium sulfate; WM-EC = Waste 

mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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to untreated one while, upshot of this treatment on grain count for a plant was non-substantial as 

compared to K2SO4 + KSB treatment. Rest of the treatments (WM + KSB and sole inoculation) 

were found at part to each other while, their effect on grain count for a plant was pointedly (p< 

0.05) higher than untreated one treatment.  

4.3.4 1000-grain weight 

Among uninoculated treatments, highest increment in said attribute was witnessed up to 47.5% 

due to response of K2SO4-EC and followed by K2SO4 treatment (47% more over control) 

comparing with untreated one. Next effectual case was WM-EC that amplified this attribute up to 

11% than control. Application of WM as K source did not increase 1000-grain weight considerably 

(p< 0.05) over control.  

In the presence of KSB inoculation, these treatments exhibited more promising increment 

in said attribute comparing with control one. Highest 1000-grain weight (up to 49% more over 

control) was witnessed as a result of K2SO4-EC + KSB inoculation and followed by K2SO4 

treatment while upshot of both was non-prominent (p< 0.05) among each other. Soil amended with 

WM-EC with KSB inoculation had also shown substantial surge in this attribute that was up to 

32% greater over control one. While, rest of the treatments did not show substantial effect on 1000-

grain weight as compared to untreated one. 

4.3.6 Root length  

Among all uninoculated treatments, distinct increment in above said parameter was recorded up 

to 67% due to application of K2SO4-EC followed by K2SO4 treatment that gave 43.2% increment 

in root length over untreated one. While, application of WM did not expressively (p< 0.05) 

increase root length as compared to untreated one.  

When these combinations were tried using KSB, all treatments revealed substantial (p< 

0.05) enhancement in root length over untreated ones. Highest root extent (up to 92.3%) was 

obtained by application of K2SO4-EC plus KSB inoculation followed by treatments (K2SO4 and 

WM-EC) with KSB inoculation that showed 55.3 and 51.3% increment in root extent 

correspondingly than untreated one. Rest of the treatments also showed non-substantial effect on 

root length to each other. Rest of the measurements (WM + KSB and sole inoculation) had also 

shown substantial (p< 0.05) upshot on root length when these combinations were paralleled with 

untreated control one and couple of these were found non-prominent (p< 0.05) in mutual contrast. 
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4.3.7 Root fresh weight  

Results about fresh biomasses of root-system showed that all units gave noteworthy upshot on said 

attribute than untreated ones except WM treatment (Table 4.3.3). In case of uninoculated 

treatments, Application of K2SO4-EC treatment had revealed highly substantial outcome on this 

attribute that was 63.2% followed by the treatment K2SO4 that also gave 46.3% increment in root 

fresh weight than untreated one. Second effectual treat was WM-EC giving noteworthy (p< 0.05) 

increment (27.2%) in said trait than untreated one. While provision of WM did show major (p< 

0.05) outcome of said attribute as compared to untreated one.  

When these treatments were tested with KSB inoculation, all treatments showed substantial 

(p< 0.05) increment in said trait over untreated one. Highest of this attribute (up to 73.2%) was 

obtained by application of K2SO4-EC + KSB inoculation followed by WM-EC and K2SO4 with 

KSB inoculation that gave increment in above mentioned attribute up to 58.8% than untreated one.  

While, non-prominent (p< 0.05) variance in it, was observed between WM + KSB and sole KSB 

inoculation and both treatment had also shown substantial (p< 0.05) effect as compared to 

respective control one. 

4.3.8 Root dry weight  

In case of above, same trend of results was observed as like to root fresh weight. In case 

uninoculated treatments, highest increment in root dried weight was found up to 79% as a result 

of K2SO4-EC followed by K2SO4 and WM-EC treatments that also gave noteworthy (p< 0.05) 

increase (up to 43%) in it as compared to untreated one (Table 4.3.3). Application of WM did not 

increase it pointedly (p< 0.05) when these combinations were made parallel to untreated 

combination.  

More promising of its increment was observed when these treatments were tested with 

KSB contrasting with untreated one. Highest of above mentioned attribute (up to 105.5% more 

over control) was obtained due to application of K2SO4-EC plus KSB inoculation and followed 

WM-EC + KSB inoculation that gave 74.2% increment in root dry weight. Next effective treatment 

was K2SO4 + KSB that exhibited 51.8% more root dry weight than control treatment. While, non-

prominent variance in root dry weight was witnessed among WM + KSB and sole KSB inoculated 

treatments.  

4.3.9 Potassium (K) contents in shoot 

Results about K content in various plant parts revealed that KSB inoculation with different K source 
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Table 4.3.3. Integrated effect of KSB inoculation and different potassium sources on root length, root fresh weight and root dry 

weight of corn (Zea mays L.) under pot conditions 

Treatments 
Root length (cm) Root fresh weight (g plant-1) Root dry weight (g plant-1) 

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 27.3 e 30.3 d 48.1 f 54.5 e 8.21 f 9.12 de 

WM 28.5 de  31.5 d 49.3 f 55.7 e 8.74 f 9.26 de 

K2SO4  39.1 c 42.4 b 70.4 bc 74.4 b 10.60 d  12.46 c 

WM-EC 32.9 d 41.3 b 61.2 d 76.4 b 11.7 cd  14.30 b 

K2SO4-EC 45.6 b 52.5 a 78.5 ab 83.3 a 14.67 b 16.87 a 

LSD value 2.53 4.26 0.84 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4-EC = Recommended dose of potassium sulfate; WM-EC = 

Waste mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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had shown substantial (p< 0.05) effect on K contents in shoot, root and grain of corn (Zea mays 

L.) as compared to control (Table 4.3.4). Highest increment in K content in shoot (up to 141%) 

was recorded by application of K2SO4-EC followed by K2SO4 treatment that showed 113% higher 

K content in shoot than untreated one. Next effective treatment WM-EC also exhibited 52.4% 

increment in K content in shoot as compared to untreated one. Application of WM as K source 

was unable to produce substantial (p< 0.05) increment in K content in shoot over control.  

All treatments showed more efficient results when tested with KSB inoculation. Highest K 

content in shoot (up to 155% more over control) was obtained as a result of K2SO4-EC + KSB 

inoculation followed by recommended dose of K2SO4 along with KSB inoculation that gave 133% 

increment in content in shoot. Next effective treatment was WM-EC + KSB that also gave 87% 

higher K content in shoot over control. While, minimum increment in K content in shoot were 

observed up to 23% due to inoculated WM application as compared to untreated one.  

4.3.10 Potassium (K) contents in root 

Highest increment of K content in root (up to 62%) was recorded due to application of K2SO4-EC 

followed by K2SO4 treatment that showed 39% more K content in root as compared to untreated 

one (Table 4.3.4). Application of WM-EC had also shown substantial effect in K content in root 

that was up to 18% as compared to untreated one. Application of WM as K source did not 

expressively (p< 0.05) increase K content in root over control. 

In the presence of KSB inoculation, highest K content in root (up to 71%) was obtained by 

application of K2SO4-EC with KSB inoculation followed by recommended dose of K2SO4 

treatment along with KSB inoculation that gave 40% increment in K content of root. Next effective 

treatment was WM-EC + KSB inoculation that also exhibited 37% more K content in root over 

control. While sole application of KSB inoculation did not expressively (p< 0.05) improved the K 

content in root than untreated one. 

4.3.11 Potassium (K) contents in grain 

Similar effect of treatments as like to K content in root were observed in K content in grain. Highest 

K content in grain (up to 110%) was recorded due to application of K2SO4-EC followed by K2SO4-

EC that gave 98% higher K content in grain as compared to control treatment (Table 4.3.4). 

Application of WM-EC also expressively (p< 0.05) improved the K content in grain that was up to 

43.3% higher K content in grain than untreated one. Application of WM as K source did not 

increase expressively (p< 0.05) K content in grain as compared to control. 



73 

 

Table 4.3.4. Integrated effect of KSB inoculation and different potassium sources on potassium contents in shoot, root and grain of 

corn (Zea mays L.) under pot conditions 

Treatments 
Potassium content in shoot  

(mg g-1) 

Potassium content in root  

(mg g-1) 

Potassium content in grain  

(mg g-1) 

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 10.97 gh 11.73 g 5.67 e 5.70 e  1.57 e 1.84 de 

WM 11.17 gh 13.47 f  5.68 e  6.12 d  1.65 e 1.90 d 

K2SO4  23.37 c 25.50 b 7.87 b  7.94 b  3.10 ab 3.31 a 

WM-EC 16.72 e 20.53 d 6.67 c  7.80 b  2.25 c 2.90 b 

K2SO4-EC 26.39 ab 27.96 a 9.17 a  9.69 a  3.29 a 3.43 a 

LSD value 1.42 0.425 0.379 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended dose of potassium sulfate; WM-EC = Waste 

mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 

 

 

 

 

 



74 

 

In the presence of KSB inoculation, highest K content in grain (up to 118.5% more over 

control) was recorded due to application of K2SO4-EC + KSB inoculation followed by 

recommended dose of K2SO4 + KSB inoculation while effect of both treatments on K content in 

grain was found statistically non-substantial (p< 0.05) to each other. Next effective treatment was 

WM-EC plus KSB inoculation that gave 85% higher K content in grain than untreated one. While, 

minimum increment in K content in grain was observed up to 21% as a result of inoculated WM 

application as compared to control treatment.  

4.3.12 Protein content in grain  

Highest increment in protein content in grain (up to 27%) was recorded due to application of 

K2SO4-EC followed by treatment K2SO4 that gave 16% higher protein content in grain than 

untreated one (Table 4.3.4). Next effective treatment was WM-EC that also showed 5.5% more 

protein content in grain as compared to untreated one. Application of WM as K source did not give 

substantial (p< 0.05) increment in protein content in grain over control. 

In the presence of KSB inoculation, highest protein content in grain was obtained up to 

31.2% due to application of K2SO4-EC + KSB inoculation followed by recommended dose of K2SO4 

along with KSB inoculation that gave 22.1% more K content in grain. While, application of WM-

EC + KSB inoculation had also shown up to 18% higher protein content in grain than control. 

Minimum protein content in grain were recorded (3.4%) as a result of inoculated WM treatment 

as compared to untreated one.  

4.3.13 Starch content in grain  

Results about starch content in grain showed that all treatments exhibited substantial (p< 0.05) 

effect on starch content in grain as compared to untreated one except WM treatment (table 4.3.5). 

Highest increment in starch content in grain (up to 14%) was recorded by K2SO4-EC treatment 

followed by recommended dose of K2SO4 that gave up to 11% higher starch content in greater 

than control. Application of WM-EC treatment also expressively (p< 0.05) increased the starch 

content in grain that was up to 4.6% higher than untreated one. While, WM as K source was unable 

to give substantial (p< 0.05) effect on starch content in grain over control. 

In case of inoculated treatments, highest starch content in grain (up to 16.4%) was obtained 

by application of K2SO4-EC with KSB inoculation followed by treatment K2SO4 + KSB 

inoculation that gave up to 13% more starch content in grain than respective control treatment. 

Next effective treatment was WM-EC + KSB inoculation that showed increment in starch content
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Table 4.3.5 Integrated effect of KSB inoculation and different potassium sources on protein content, starch content and oil content 

of corn (Zea mays L.) under pot conditions 

Treatments 
Protein content (mg g-1) Starch content (mg g-1) Oil content (mg g-1) 

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 65.79 g 66.70 g 573.6 f 586.0 de 38.19 c 39.10 bc 

WM 66.59 g  68.04 efg  578.7 ef 590.0 d 38.93 c 39.32 bc 

K2SO4  76.23 d  80.30 c  635.7 bc 646.0 b 45.51 a 46.30 a 

WM-EC 69.42 e 76.10 d 600.2 d 628.3 c 40.92 b 44.31 a 

K2SO4-EC 83.60 b 86.3 a  653.3 b 667.8 a 46.12 a 46.73 a 

LSD value 2.61 22.6 1.73 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended dose of potassium sulfate; WM-EC = Waste 

mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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up to 9.5% higher than control. Rest of the treatments (WM + KSB and sole inoculation) also gave 

substantial (p< 0.05) effect on starch content in grain as compared to untreated one. 

4.3.14 Oil content in grain  

Highest oil content in grain (up to 20.8%) was recorded by application of K2SO4-EC followed by 

K2SO4 that showed 19.2% more oil content in grain than untreated one (Table 4.3.5). Next 

effective treatment was WM-EC that expressively increased the oil content in grain (up to 7.1%) 

as compared to untreated one. Application of WM as K source did not increase expressively (p< 

0.05) oil content in grain over control. 

In the presence of KSB inoculation, Highest oil content in grain (up to 22.4% more over 

control) was recorded by application of K2SO4-EC with KSB inoculation followed by recommended 

dose of K2SO4 with KSB inoculation that gave 21.2% more oil content in grain. Next effective 

treatment was WM-EC + KSB inoculation that exhibited 16% more oil content in grain than 

control. Rest of the treatments gave non-substantial effect on oil content in grain (up to 2.4%) as 

compared untreated one. 

4.3.15 Photosynthetic rate  

In case of uninoculated treatments, highest photosynthetic rate (15.48 μmol m-2 s-1) was recorded 

due to application of K2SO4 followed by K2SO4-EC treatment as compared untreated one. Next 

effective treatment was WM-EC that also exhibited expressively (p< 0.05) higher photosynthetic 

rate (12.52 μmol m-2 s-1) as compared to untreated one. Application of WM as K source was unable 

to produce substantial (p< 0.05) effect on photosynthetic rate in comparison to control treatment.  

More promising results were obtained when these treatments were tested with KSB 

inoculation. Highest photosynthetic rate (19.83 μmol m-2 s-1) was recorded by application of 

K2SO4-EC with KSB inoculation followed by recommended dose of K2SO4 + KSB inoculation that 

showed photosynthetic rate (18.82 μmol m-2 s-1) as compared to control treatment. Next effective 

treatment was WM-EC + KSB inoculation that gave expressively (p< 0.05) higher photosynthetic 

rate (15.72 μmol m-2 s-1) as compared to control treatment. Rest of the treatments (WM + KSB and 

sole inoculation) did not show substantial effect on photosynthetic rate when paralleled with 

untreated one.   

4.3.16 Transpiration rate  

Highest increment in transpiration rate was recorded up to 18.2% as a result of K2SO4-EC 

treatment as compared to control (Table 4.3.6). Subsequent effective one (K2SO4 and WM-EC) 
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Table 4.3.6 Integrated effect of KSB inoculation and different potassium sources on photosynthetic rate, transpiration rate and 

WUE of corn (Zea mays L.) under pot conditions 

Treatments 
Photosynthetic rate  

(µmol m-2 s-1) 

Transpiration rate  

(mmol m-2 s-1) 

WUE  

(µmol CO2 mmol-1 H2O)  

-KSB +KSB -KSB +KSB -KSB +KSB 

Control  9.74 ef  10.82 e  3.18 d  3.36 c  3.12 d  3.22 d  

WM  10.03 e  10.88 e  3.15 d  3.38 c  3.15 d  3.24 d  

K2SO4  16.03 b  18.82 a  3.47 c  3.96 b  4.12 b  4.75 a  

WM-EC  12.52 d  15.72 b  3.27 cd  3.85 b  3.62 c  4.08 b  

K2SO4-EC  15.48 c  19.83 a  3.76 b  4.14 a  4.61 a  4.79 a  

LSD value 1.63  0.112  0.352  

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended dose of potassium sulfate; WM-EC = Waste 

mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 

WUE = Water use efficiency 

 

 

 

 

 



78 

 

had shown expressively higher transpiration rate up to 9.1% more than control while, effect of 

both treatments was found at par with each other. But application of WM did not expressively 

affect the transpiration rate as compared to untreated one. 

In the presence of KSB inoculation, highest transpiration rate (up to 30.2%) was observed 

due to application of K2SO4-EC + KSB inoculation followed by treatments (K2SO4 + KSB and 

WM- EC + KSB) that gave increment in transpiration rate up to 24.5% more than control. Other 

remaining treatments (WM + KSB and sole inoculation) expressively (p< 0.05) improved the 

transpiration rate in comparison to untreated over control. 

4.3.17 Water use efficiency (WUE)  

Highest increment in WUE (up to 48%) was recorded by application of K2SO4-EC followed by 

K2SO4 treatment (32% increase) as compared to untreated one. Water use efficiency was also 

expressively improved with application of WM-EC that was up to 16% more over untreated one. 

Application of WM as K source was unable to produce substantial (p< 0.05) increment in WUE 

over control. 

In the presence of KSB inoculation, highest WUE (up to 54%) was obtained by application 

of K2SO4-EC + KSB inoculation followed by K2SO4 treatment along with KSB inoculation that 

gave 52.2% higher WUE than uninoculated control. Next effective treatment was WM-EC + KSB 

inoculation that also increased the WUE (up to 31%) expressively over control. Rest of the 

treatments (WM + KSB and sole inoculation) did not show substantial (p< 0.05) inf luence on 

water use efficacy when these are made parallel to untreated one.  

4.3.18 Total chlorophyll content 

Data about total chlorophyll content showed that highest total chlorophyll content (up to 33.1%) 

was obtained by application of K2SO4-EC followed by K2SO4 treatment that gave 31% more total 

chlorophyll content than untreated one (Table 4.3.7). Application of WM-EC also increased the 

total chlorophyll content expressively (p< 0.05) that was 10% higher as compared to untreated 

one. While, use of WM as K source did not increase total chlorophyll content expressively (p< 

0.05) in comparison to control treatment.     

Results of total chlorophyll content were found effective when these treatments were tested 

with KSB inoculation. Highest results of total chlorophyll content (up to 39% more over control) 

was obtained as a result of K2SO4-EC + KSB inoculation followed by K2SO4 treatment along with 
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Table 4.3.7 Integrated effect of KSB inoculation and different potassium sources on total 

chlorophyll content and stomatal conductance of corn (Zea mays L.) under pot conditions 

Treatments 
Total chlorophyll content 

(µmol m-2 s-1) 

Stomatal conductance 

(mmol m-2 s-1) 

-KSB +KSB -KSB +KSB 

Control  2.90 d  3.07 cd  0.21 d  0.23 d  

WM  2.94 d  3.12 c  0.21 d  0.23 d  

K2SO4  3.80 ab  3.89 a  0.35 ab  0.38 a  

WM-EC  3.19 c  3.74 b  0.26 cd  0.32 b  

K2SO4-EC  3.86 a  4.03 a  0.38 a  0.41 a  

LSD value 0.087 0.059 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended 

dose of potassium sulfate; WM-EC = Waste mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 

WUE = Water use efficiency 
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KSB inoculation that gave 34.1% more total chlorophyll content while effect of both treatments 

was found at par with each other. Next effective treatment was WM-EC + KSB inoculation that 

enhanced the total chlorophyll content up to 29% as compared to control. While, rest of the 

treatments did promote the total chlorophyll content expressively (p< 0.05) as compared to control. 

4.3.19 Stomatal conductance 

In case of uninoculated treatments, application of K2SO4-EC showed substantial (p< 0.05) effect 

on stomatal conductance (up to 81% more over control) followed by K2SO4 treatment (66.7% 

more over control) while effect of both treatments was found non-substantial (p< 0.05) to each 

other. Treatment WM-EC also expressively increased the stomatal conductance by 23.8% as 

compared to untreated one. Application of WM as K source was unable to give substantial (p< 

0.05) effect on stomatal conductance over control. 

In the presence of KSB inoculation, highest stomatal conductance (up to 95.2% more over 

control) was recorded with K2SO4-EC + KSB inoculation followed by K2SO4 treatment along with 

KSB inoculation (81% more over control) and their effect was found non-substantial (p< 0.05) 

among each other. Application of WM-EC + KSB inoculation had also expressively (p< 0.05) 

increased the stomatal conductance up to 52.4% as compared to untreated one. Remaining 

treatments did not increase the stomatal conductance expressively (p< 0.05) as compared to 

control.  

4.3.20 Catalase activity (CAT) 

Results regarding catalase activity showed that highest activity of CAT was observed in untreated 

one treatment as compared to all other treatments (Table 4.3.8). Results about catalase activity 

depicted that lowest activity of CAT (up to 32.5% less than control) was observed in treatment 

K2SO4-EC followed by K2SO4 that was 19% decrease in CAT than untreated one. Application of 

WM-EC had also shown reduction in catalase activity expressively (p< 0.05) up to 8% as 

compared to untreated one. While, use of WM as K source gave non-substantial (p< 0.05) decrease 

in CAT as compared to control. 

More reduction in catalase activity was observed when these treatments were tested with 

KSB inoculation. Highest decrease in CAT (up to 37%) was recorded due to application of K2SO4-

EC + KSB inoculation followed by treatment K2SO4 along with KSB inoculation that gave also 

substantial (p< 0.05) reduction in catalase activity (up to 26.5%) in comparison to untreated  one.
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Table 4.3.8 Integrated effect of KSB inoculation and different potassium sources on catalase, peroxidase and superoxide dismutase 

activities of corn (Zea mays L.) under pot conditions 

Treatments 
Catalase activity  

(U mg-1 protein) 

Peroxidase activity  

(U mg-1 protein) 

Superoxide dismutase activity  

(U mg-1 protein)  

-KSB +KSB -KSB -KSB +KSB -KSB 

Control 70.1 a 65.6 ab 81.3 a 76.0 ab 62.3 a 56.7 ab 

WM 69.9 a 63.7 b 79.7 a 73.3 b 58.5 a 51.3 b 

K2SO4  56.9 c 51.6 cd 43.3 e 40.7 e 40.8 d 37.6 e 

WM-EC 64.5 b 52.3 cd 64.8 c 53.5 d 47.4 c 43.6 cd 

K2SO4-EC 47.3 e 44.3 f 39.5 ef 37.3 f 38.2 de 34.0 f 

LSD value 3.16 5.46 7.34 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended dose of potassium sulfate; WM-EC = Waste 

mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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Application of WM-EC + KSB inoculation also decreased the catalase activity up to 25.4% than 

control treatment. Minimum decrease in CAT was observed up to 9.12% as a result of inoculated 

WM application as compared to untreated one. While, sole inoculation with KSB did not 

expressively (p< 0.05) reduce the catalase activity as compared to control.  

4.3.21 Peroxidase activity (POD)  

Same effect of treatments was observed in case of POD activity as like to catalase activity. Highest 

decrease in POD activity was recorded up to 51.4% as a result of K2SO4-EC followed by K2SO4 

treatment that showed reduction up to 47% in peroxidase activity as compared to untreated one. 

Peroxidase activity also expressively (p< 0.05) decreased that was 20.3% due to application of 

WM-EC as compared to control treatment. Application of WM as K source was unable to give 

substantial (p< 0.05) decrease in POD as compared to control. 

More promising reduction in POD activity was observed when these treatments were tested 

with KSB inoculation. Highest reduction in POD activity was recorded up to 54.1% by application 

of K2SO4-EC with KSB inoculation followed by K2SO4 treatment that decreased POD activity up 

to 50% as compared to control. Application of WM-EC + KSB inoculation also expressively (p< 

0.05) reduced the POD that was 34.4% less than control. But minimum decrease in POD activity 

were observed up to 9.8% as a result of inoculated WM application as compared to untreated one. 

While, sole application of KSB inoculation did not expressively (p< 0.05) reduce the POD activity 

as compared to untreated one. 

4.3.22 Superoxide dismutase activity (SOD)  

In case of SOD activity, same trend in all treatments was observed as like to CAT and POD 

activities. Highest decrease in the activity of SOD (up to 38.7% less than control) was recorded by 

application of K2SO4-EC followed by K2SO4 treatment that also gave substantial (p< 0.05) 

reduction in SOD activity (up to 34.5%) but their effect was at par with each other (Table 4.3.8). 

Application of WM-EC also expressively (p< 0.05) decreased the SOD activity (up to 24%) as 

compared to control treatment. While, use of WM as K source was unable to produce substantial 

(p< 0.05) decrease in SOD activity in comparison to control. 

In the presence of KSB inoculation, highest reduction in SOD activity (up to 45.4%) was 

recorded as a result of K2SO4-EC + KSB inoculation followed by K2SO4 treatments along with 

KSB inoculation that also gave substantial (p< 0.05) decrease (up to 39.6%) in SOD activity than 

control. Next effective treatment was WM-EC + KSB inoculation that showed 30% reduction in 
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SOD activity than control treatment. Minimum decrease in SOD activity was observed up to 17.7% 

as a result of inoculated WM application as compared to untreated one. While, application single 

inoculation did not give substantial (p< 0.05) reduction in SOD activity when paralleled with 

untreated one.  

4.3.23 Post harvest analysis of rhizosphere soil for H2O extractable K 

In case of post-harvest soil analysis, highest H2O extractable K in rhizosphere soil (up to 32.2% 

more over control) was observed by application of K2SO4-EC followed by K2SO4 (28.9% increase 

over control) and effect of both treatments were found non-substantial among each other (Table 

4.3.9). Next effective treatment was WM-EC that also substantial gave increase (up to 8.1%) in 

H2O extractable K in rhizosphere as compared to untreated one. Application of WM as K source 

did not increase expressively (p< 0.05) H2O extractable K in rhizosphere when paralleled with 

control one. 

More interesting results were obtained when these treatments were tested with KSB 

inoculation. Highest H2O extractable K in rhizosphere soil (up to 48.5% more over control) was 

observed as a result of K2SO4-EC + KSB inoculation followed by K2SO4 with KSB inoculation 

(42.7% increase over control) and their effect was non-substantial p< 0.05) to each other. Next 

effective treatment was WM-EC + KSB inoculation that showed 23.4% more H2O extractable K 

in rhizosphere soil than control. While, other treatments (WM + KSB and sole inoculation with 

KSB) also expressively increased the H2O extractable K in rhizosphere soil that was up to 7.0% 

higher than control.  

4.3.24 Post harvest analysis of bulk soil for H2O extractable K 

Highest increment in H2O extractable K in bulk soil (up to 44.6% higher than control) was recorded 

by application of K2SO4-EC followed by K2SO4 treatment (40.7% more over control) while 

effectiveness of both treatments was non-substantial (p< 0.05) among each other. Next treatment 

WM-EC that expressively (p< 0.05) increased the H2O extractable K (up to 17.7%) in bulk soil 

over control. Application of WM as K source was unable to produce substantial (p< 0.05) results 

over control. 

In the presence of KSB inoculation, highest H2O extractable K in bulk soil (up to 61.9% 

more than control) was as a result of K2SO4-EC + KSB inoculation followed by K2SO4 treatment 

plus KSB inoculation (58.7% more over control) and both treatments were found non-substantial 

(p< 0.05) among each other. While, application of WM-EC + KSB inoculation had also shown
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Table 4.3.9 Integrated effect of KSB inoculation and different potassium sources on post-harvest H2O extractable, exchangeable 

and NH4OAc extractable K in corn (Zea mays L.) rhizosphere as well as bulk soil under pot conditions 

Treatments H2O Extractable K (mg kg-1 soil) Exchangeable K (mg kg-1 soil) NH4OAc Extractable K (mg kg-1 soil) 

Rhizosphere soil Bulk soil Rhizosphere soil Bulk soil Rhizosphere soil Bulk soil 

-KSB +KSB -KSB +KSB -KSB +KSB -KSB +KSB -KSB +KSB -KSB +KSB 

Control 63.41 f 66.61 e 50.30 f 56.42 e 159.40 h 165.21 ef 130.3 f 133.6 ef 224.80 g 233.82 f 180.60 f 190.03 de 

WM 65.10 ef 67.80 de 52.03 f 58.10 de 161.71 gh 172.40 e 131.7 ef 134.8 de 228.81 fg 242.20 de 183.70 ef 194.82 d 

K2SO4 82.30 bc 91.30 ab 71.21 b 79.40 a 186.32 bc 209.12 a 144.8 c 158.10 a 270.63 c 30.52 ab 219.92 b 238.40 a 

WM-EC 68.71 d 78.70 c 59.43 d 67.70 bc 178.23 d 191.30 b 135.5 de 151.22 b 248.91 d 271.10 c 194.80 d 216.10 c 

K2SO4-EC 83.80 b 95.12 a 73.24 b 81.13 a 187.51 b 212.62 a 148.4 b 161.60 a 273.20 c 309.73 a 221.63 b 243.70 a 

LSD value 3.76 3.28 4.80 4.90 7.25 8.26 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended dose of potassium sulfate; WM-EC = Waste mica 

enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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substantial (p< 0.05) increase (up to 35.8%) in H2O extractable K in bulk soil over control. Rest 

of the treatments also expressively (p< 0.05) improved the concentration of H2O extractable K in 

bulk soil that was up to 15% higher over untreated one.  

4.3.25 Post harvest analysis of rhizosphere soil for exchangeable K 

In case of uninoculated treatments, highest exchangeable K in rhizosphere soil (up to 17.6% more 

than control) was recorded due to application of K2SO4-EC followed by K2SO4 treatment (16.7% 

more over control) while both treatments showed non-substantial (p< 0.05) effect among each 

other. Application of WM-EC also improved expressively (p< 0.05) concentration of exchangeable 

K in the rhizosphere soil that was up to 11.6% higher than untreated one. While, application of 

WM as K source did not increase the exchangeable K in rhizosphere soil expressively (p< 0.05) 

as compared to untreated one. 

In the presence of KSB inoculation, highest exchangeable K in rhizosphere soil (up to 33% 

higher than control) was obtained as a result of K2SO4-EC + KSB inoculation followed by K2SO4 

+ KSB inoculation (30.8% more over control) and effect of both treatments were at par with each 

other. Next treatment (WM-EC + KSB inoculation) had also shown substantial (p< 0.05) effect on 

exchangeable K in rhizosphere soil that was up to 20% higher than control. Rest of the treatments 

also expressively increased the exchangeable K in rhizosphere soil that was 8% as compared to 

untreated one. 

4.3.26 Post harvest analysis of bulk soil for exchangeable K 

Application of K2SO4-EC showed highly substantial effect on exchangeable K in bulk soil that 

was up to 14% higher than control followed by the treatment of K2SO4 (11% more over control) 

while both treatments were found non-substantial among each other. Next treatment WM-EC had 

also exhibited expressively (p< 0.05) higher exchangeable K in bulk soil (up to 4%) as compared 

to untreated one.  While, application of WM as K source was unable to produce substantial (p< 

0.05) increment in exchangeable K in bulk soil over untreated one. 

In the presence of KSB inoculation, highest exchangeable K in bulk soil (up to 24%) was 

obtained with application of K2SO4-EC + KSB inoculation followed by treatment K2SO4 + KSB 

inoculation (up to 21%) as compared to control while effect of both treatments was found at par 

with each other. Application of WM-EC + KSB inoculation had also shown substantial increment 

in exchangeable K in bulk soil that was up to 16% more over control. Minimum increment in 

exchangeable K in bulk soil were observed (up to 5%) with inoculated WM application than 
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untreated one. While, sole application of KSB did not increase expressively (p< 0.05) 

exchangeable K in bulk soil as compared to control. 

4.3.27 Post harvest analysis of rhizosphere soil for NH4OAc extractable K 

In case uninoculated treatments, highest increment in NH4OAc extractable K in rhizosphere soil 

(up to 21.3% more over control) was obtained by application of K2SO4-EC followed by K2SO4 

(20.2% more over control) while, both treatments were found non-substantial (p< 0.05) among 

each other. Next treatment WM-EC had also depicted expressively (p< 0.05) higher concentration 

of NH4OAc extractable K in rhizosphere soil that was up to 10.7% more than untreated one. 

Application of WM did not show substantial (p< 0.05) increment in results over control treatment. 

All treatments exhibited substantial effect on NH4OAc extractable K in rhizosphere soil 

when tested with KSB inoculation. Application of K2SO4-EC + KSB inoculation showed highest 

concentration of NH4OAc extractable K in rhizosphere soil that was 37.4% more than control 

followed by K2SO4 + KSB inoculation (34.3% more over control) and both treatments were found 

at par among each other. Next effective treatment was WM-EC + KSB inoculation that showed 

20.4% more NH4OAc extractable K in rhizosphere soil than control treatment. While, rest of the 

treatments also gave substantial (p< 0.05) increment in NH4OAc extractable K in rhizosphere soil 

that was up to 7.7% as compared to untreated one. 

4.3.28 Post harvest analysis of bulk soil for NH4OAc extractable K 

Highest increment in NH4OAc extractable K in bulk soil (up to 22.3% more over control) was 

recorded due to application of K2SO4-EC followed by K2SO4 (21.4% more over control) while 

both treatments were found at par with each other. Application of WM-EC also increased the 

NH4OAc extractable K in bulk soil expressively (p< 0.05) that was up to 7.7% more than untreated 

one. While, use of WM as K source did not give substantial (p< 0.05) results as compared to 

untreated one. 

All treatments showed better results when tested with KSB inoculation. In this case, 

Highest NH4OAc extractable K in bulk soil (up to 34.4% more over control) was achieved by 

application of K2SO4-EC + KSB inoculation followed by K2SO4 treatment along with KSB 

inoculation that was 32% more NH4OAc extractable K in bulk soil than control treatment. Next 

effective treatment was WM-EC + KSB inoculation that gave 19.3% more NH4OAc extractable K 

in bulk soil over control. Remaining treatments also gave substantial (p< 0.05) increment in in 

NH4OAc extractable K in bulk soil (7.7%) as compared to untreated one.  
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4.3.29 Soil dehydrogenase activity (DHA) 

Results about soil dehydrogenase activity showed that all treatments indicated expressively (p< 

0.05) higher DHA as compared to untreated one except WM treatment (Table 4.3.10). In case 

uninoculated treatments, K2SO4-EC gave Highest soil DHA (up to 45% more over control) 

followed by treatment WM-EC that was 34.4% more soil DHA while statistically both treatments 

were found at par with each other. Next effective treatment (K2SO4) also increased the soil DHA 

expressively (p< 0.05) up to 12.6% more than control. While, application of WM as K source was 

unable to increase soil DHA expressively (p< 0.05) over control. 

More promising soil dehydrogenase activity was observed when treatments were applied 

with KSB inoculation. Highest soil DHA (up to 73% more over control) was obtained as a result 

of K2SO4-EC + KSB inoculation which was at par with WM-EC + KSB inoculation that had shown 

61% higher soil DHA over control treatment. Next effect treatment was recommended dose of 

K2SO4 along with KSB inoculation that also gave substantial (p< 0.05) increase (up to 28%) in 

soil than control that was non-substantial as compared to the treatments (WM + KSB and sole 

KSB inoculation). While, minimum but statistically substantial (p< 0.05) increase (up to 19.2%) 

in soil DHA was observed by application of sole KSB inoculation as compared to untreated one. 

4.3.30 Soil β-glucosidase activity (β-GAA) 

Same effect of all treatments was observed on soil β-glucosidase activity as like to soil 

dehydrogenase activity. Highest increment in soil β-GAA (up to 331%) was recorded due to 

application of K2SO4-EC followed by WM-EC treatment that also gave 309% increment in soil β-

GAA, over untreated one while, effect of both treatments was found at par with each other. Next 

effective treatment was recommended dose of K2SO4 that also expressively (p< 0.05) increased 

the soil β-GAA as compared to control. But application of WM as K source was unable to give 

substantial (p< 0.05) results over control. 

All treatments exhibited more promising increment in soil β-glucosidase activity when 

applied with KSB inoculation. Highest soil β-GAA (up to 539% over control) was obtained by 

K2SO4-EC along with KSB inoculation followed by WM-EC + KSB inoculation that gave 502% 

higher soil β-glucosidase activity over control and both treatments were found non-substantial (p< 

0.05) among each other. Rest of the treatments (K2SO4 + KSB inoculation, WM + KSB inoculation 

and sole inoculation with KSB) also showed substantial effect on soil β-glucosidase activity that 

was ranging from 109 to 117% higher soil β-GAA over control treatment.  
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Table 4.3.10 Integrated effect of KSB inoculation and different potassium sources on post-harvest dehydrogenase activity, β-

glucosidase activity, total organic carbon and dissolved organic carbon in soil of corn (Zea mays L.) under pot conditions 

Treatments Dehydrogenase activity 

(µg TPF g-1 soil h-1) 

β-Glucosidase activity 

(µg TPF g-1 soil h-1) 

Total organic C 

(g kg-1 soil) 

Dissolved organic C 

(mg kg-1 soil) 

-KSB +KSB -KSB +KSB -KSB +KSB -KSB +KSB 

Control 15.12 e 18.03 cd 2.64 d 5.52 c 5.42 c 5.50 c 44.57 d 56.69 c 

WM 15.51 e 18.31 bcd 2.66 d 5.67 c 5.43 c 5.49 c 45.12 d 59.31 c 

K2SO4 17.03 d 19.33 bc 2.70 d 5.73 c 5.45 c 5.50 c 46.87 d 60.02 c 

WM-EC 20.29 b 24.31 a 10.8 b 15.9 a 5.93 b 6.76 a 73.81 b 156.3 a 

K2SO4-EC 21.90 b 26.12 a 11.39 b 16.87 a 5.97 b 6.80 a 75.29 b 164.32 a 

LSD value 2.21 1.16 0.254 5.27 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4-EC = Recommended dose of potassium sulfate; WM-EC = 

Waste mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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4.3.31 Total organic carbon (TOC) 

In case uninoculated treatments, highest total organic – C (up to 10%) was recorded by application 

of K2SO4-EC followed by WM-EC which gave 9.4% higher total organic – C as compared to 

untreated one (Table 4.3.10). While, rest of the treatments (WM and K2SO4) could not promote 

expressively (p< 0.05) total organic – C in comparison to untreated one.  

In the presence of KSB inoculation, highest total organic – C (up to 25.5%) was obtained 

by K2SO4-EC along with KSB inoculation followed by WM-EC + KSB inoculation that gave 

24.7% more total organic – C over control while effect of both treatments was found non-

substantial (p< 0.05) among each other. Non-substantial (p< 0.05) difference in TOC was observed 

by the application of K2SO4 as well as WM along with KSB inoculation over untreated one.  

4.3.32 Dissolved organic carbon (DOC) 

Among uninoculated treatments, highest increment in DOC was recorded up to 69% due to K2SO4-

EC application followed by WM-EC treatment that also increased the dissolved organic - C 

(65.5%) as compared to untreated one and both treatments were found at par with each other. But 

remaining treatments (WM and K2SO4) could not promote DOC expressively (p< 0.05) in 

comparison to untreated one. 

 More effective results were obtained from these treatments when tested with KSB 

inoculation. Highest DOC (up to 268.4%) was obtained as a result of K2SO4-EC + KSB inoculation 

followed by treatment WM-EC + KSB inoculation that produced 250.4% higher DOC than 

respective control. While, both treatments were at par among each other. Rest of the treatments 

(WM + KSB inoculation, K2SO4 + KSB inoculation and sole KSB inoculation) showed 

expressively (p< 0.05) higher DOC content that were up to 34.5% more over control while, effect 

of treatments without composted OM was non-substantial (p< 0.05) with each other.  

4.3.33 Microbial biomass carbon (MBC)  

Results about MBC showed that application of application of K2SO4-EC gave substantial (p< 0.05) 

increment in MBC (up to 23.1%) followed by WM-EC that showed 22.3% more increment in 

MBC than untreated one (Table 4.3.11). While, rest of the treatments (WM and K2SO4) could not 

produce substantial increment in MBC as compared to untreated one. 

More effective results were obtained from all treatments when tested with KSB inoculation. 

Highest MBC (up to 50.5% more over control) was obtained due to K2SO4-EC + KSB inoculation 
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followed by WM-EC + KSB inoculation that also gave 48% more MBC in comparison to untreated 

one. Next effective treatment (K2SO4 + KSB inoculation) that also expressively (p< 0.05) 

increased the MBC (up to 8%) than control treatments. Rest of the treatments (WM + KSB and 

sole inoculation) also improved the MBC expressively (p< 0.05) as compared control but both 

treatments were found at par with each other.  

4.3.34 KSB population (log CFU) 

Data regarding soil KSB population showed that highest increment in log CFU (up to 41% more 

over control) was recorded by application of K2SO4-EC followed by WM-EC treatment while both 

treatments were found non-substantial (p< 0.05) to each other. Next treatment was recommended 

dose of K2SO4 that also increased the log CFU expressively (p< 0.05) up to 21.6% more over 

control as compared to untreated one. Application of WM as K source was unable to produce 

substantial (p< 0.05) results over untreated one. 

In the presence of KSB inoculation, highest log CFU (up to 47% higher than control) was 

achieved by application of both K2SO4-EC and WM-EC along with KSB inoculation. Next 

effective treatment was K2SO4 + KSB inoculation that also showed up to 24% more log CFU over 

untreated one. Rest of the treatments (WM + KSB and sole inoculation with KSB) had also shown 

substantial (p< 0.05) increase (up to 5%) in log CFU over untreated one while, both treatments 

were found at par with each other. 

4.4 Efficacy of potassium (K) solubilizing bacteria for improving K-nutrition of corn grown 

with different potassium sources under field conditions 

For further confirmation of the results of pot study, a field experiment having same treatments plan 

was intended to assess usefulness of K mobilizing bacteria for improving growth, produce and K 

nutrition of corn (Zea mays L.) grown with different K sources under natural conditions. Results 

of this study are mentioned below. 

4.4.1 Plant height  

Data regarding plant height showed that highest increment in plant height (up to 31%) was 

recorded by application of K2SO4-EC treatment followed by K2SO4 treatment (26.4% more over 

control) as compared to untreated one while, effect of both treatments on plant height was found 

non-substantial (p< 0.05) to each other. Next effective treatment was WM-EC that also gave 

substantial (p< 0.05) increment in plant height up to 10.2% more than control. While, soil amended  
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Table 4.3.11 Integrated effect of KSB inoculation and different potassium sources on 

microbial biomass carbon and KSB population in soil of corn (Zea mays L.) under pot conditions 

Treatments 
Microbial biomass C 

(mg kg-1 soil) 

KSB population 

(log CFU g-1 soil) 

-KSB +KSB -KSB +KSB 

Control 240.7 d 256.7 c 4.63 e 4.83 d 

WM 242.3 d 259.3 c 4.64 e 4.86 d 

K2SO4 244.0 d 260.0 c 5.63 c 5.75 c 

WM-EC 294.3 b 356.3 a 6.52 b 6.81 a 

K2SO4-EC 296.4 b 362.3 a 6.53 b 6.81 a 

LSD value 11.2 0.177 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended 

dose of potassium sulfate; WM-EC = Waste mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 

CFU = Colony forming unit 
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with WM did not show substantial (p< 0.05) effect on plant height as compared to respective 

control.  

More promising results were obtained when these treatments were tested with KSB 

inoculation than control. Putting K2SO4-EC with KSB inoculation gave highest increment in plant 

height that was up to 40.3% more than untreated one followed by treatment K2SO4 + KSB 

inoculation (35.1% more over control). Soil amended with WM-EC + KSB inoculation also 

showed expressively higher plant height that was 19.4% more than control. Non-substantial 

increment in plant tallness was witnessed due to provision of other treatments (WM + KSB and 

sole KSB inoculation) as compared to control treatment.  

4.4.2 Fresh biomass 

In case uninoculated treatments, Highest fresh biomass (up to 67.5% more over control) of corn 

plants was observed when soil amended with K2SO4-EC followed by K2SO4 treatment (61.6% 

more over control). Next effective treatment wasWM-EC that also showed substantial change in 

fresh biomass that was up to 23.4% more than control. Results of WM-EC were expressively (p< 

0.05) higher when paralleled with control and WM alone, but lower than K2SO4-EC and K2SO4 

treatments.   

In case of inoculation, all treatments showed substantial (p< 0.05) difference in fresh 

biomasses than uninoculated control. Highest fresh biomass (up to 74%) produced because of 

inoculated K2SO4-EC application followed by treatment of K2SO4 + KSB inoculation in 

comparison to untreated one. Application of WM-EC along with KSB inoculation also showed 

expressively (p< 0.05) higher fresh biomass (up to 48%) than untreated one treatment. While, 

results of remaining treatments (WM + KSB inoculation and sole inoculation) had also shown 

substantial (p< 0.05) effect on fresh biomass that was 8% higher than untreated one.  

4.4.3 Grain produce 

All treatments (absence and presence of KSB inoculation) showed expressively (p< 0.05) higher 

grain produce than untreated one. In case of uninoculated groups, highest grain produce was 

observed by application of K2SO4-EC that gave increment in grain produce up to 67.5% higher 

followed by treatment K2SO4 as compared untreated one. Next effective treatment (WM-EC) that 

increased the grain produce up to 23.4% more than untreated one. Application of WM as a source 

of K also increased the grain produce higher than respective control.  

A promising increment in grain produce was found by joined practice of KSB inoculation
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Table 4.4.1. Integrated effect of KSB inoculation and different potassium sources on plant height, fresh biomass and grain 

produce of corn (Zea mays L.) in field conditions 

Treatments 
Plant height (cm) Fresh biomass (t ha-1) Grain produce (t ha-1) 

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 149.7 f 158.7 ef 12.63 h 13.54 f 5.26 i  5.64 g 

WM 151.7 f 158.3 ef 13.02 g 13.61 f 5.42 h 5.67 g 

K2SO4  189.3 cd 202.3 ab 20.41 c 21.91 a 8.50 d 9.13 b 

WM-EC 165.0 e 178.7 d 15.58 e 18.67 d 6.49 f 7.78 e 

K2SO4-EC 196.0 bc 210.0 a 21.16 b 21.97 a 8.81 c 9.30 a 

LSD value 11.64 0.344 0.144 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended dose of potassium sulfate; WM-EC = Waste 

mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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with these treatments. Highest grain produce (up to 77%) was observed as a result of K2SO4-EC + 

KSB inoculation application followed by treatments (K2SO4 + KSB and WM-EC + KSB) that gave 

increment in grain produce 73.5 and 48% higher respectively, over untreated one. While, non-

substantial (p< 0.05) gap in grain produce was observed between inoculated WM and sole KSB 

inoculation treatments. 

4.4.4 1000-grain weight 

Results about above said attribute showed that all treatments showed non-substantial (p< 0.05) 

effect 1000-grain weight to each other in the absence and presence of KSB inoculation. Highest 

increment in this produce parameter was observed up to 47.6% higher than untreated one by the 

application of K2SO4-EC and followed by K2SO4 treatment (44.2% more over control). Rest of the 

treatments (WM and WM-EC) showed non-substantial (p< 0.05) effect on this attribute was 

paralleled with untreated one. 

In the presence of KSB inoculation, all treatments gave substantial (p< 0.05) increment in 

1000-grain weight over untreated one except these treatments (WM and sole KSB inoculation). 

Highest 1000-grain weight (up to 49% more over control) was obtained with application of K2SO4-

EC + KSB inoculation followed by treatments K2SO4 and WM-EC along with KSB inoculation, 

respectively. While, non-substantial difference in 1000-grain weight was observed between 

control and WM application among KSB inoculated treatments. 

4.4.5 Number of grain per plant 

In case of uninoculated treatments, highest increment in above said attribute was detected up to 

30.5% as a result of K2SO4-EC and followed by K2SO4 treatment on making parallel to untreated 

one. Next influential treatment (WM-EC) also expressively (p< 0.05) increased this attribute that 

was 13.1% more than untreated one. Results of WM-EC were expressively (p< 0.05) higher than 

control and WM alone but expressively (p< 0.05) lower than K2SO4-EC and K2SO4 treatments. 

Application of WM did not enhance above mentioned attribute per plant expressively (p< 0.05) 

than untreated one. 

When these treatments were tested with KSB inoculation, all treatments showed substantial 

(p< 0.05) increment in number of grains per plant over untreated one except WM treatment.  

Highest number of grains per plant (up to 37.6% more over control) was obtained by provision of 

K2SO4-EC + KSB inoculation followed by K2SO4 along with KSB inoculation. Application of 

inoculated WM-EC also upgraded the number of grains per plant (27.1%) expressively (p< 0.05)
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Table 4.4.2. Integrated effect of KSB inoculation and different potassium sources on 1000-grain weight, number of grain plant-1 

and grain weight plant-1 of corn (Zea mays L.) in field conditions 

Treatments 
1000-grain weight (g) Number of grain plant-1 Grain weight plant-1 (g) 

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 204.3 c 207.8 c 313.3 f 340.7 de 64.5 e 69.2 e  

WM 206.7 c 209.0 c 325.3 ef 344.0 de 66.5 e 69.6 e 

K2SO4  254.2 a 261.5 a 406.0 c 428.3 ab 104.3 b 112.0 ab 

WM-EC 224.8 bc 239.5 ab 354.3 d 398.3 c 79.6 d 95.4 c 

K2SO4-EC 259.8 a 262.5 a 409.0 bc 431.0 a 108.1 ab 114.1 a 

LSD value 24.4 19.8 8.87 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended dose of potassium sulfate; WM-EC = Waste 

mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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when paralleled to untreated one. All other combinations (WM + KSB and sole inoculation) were 

found at part to each other while, their effect on number of grains per plant was expressively (p< 

0.05) higher than untreated one treatment.  

4.4.6 Grain weight per plant 

Among uninoculated treatments, Highest increment in grain weight per plant was observed up to 

80.9% by application of K2SO4-EC followed by K2SO4 treatment (60%) than untreated one. 

Provision of WM-EC also amplified the grain weight per plant expressively that was 26.1% more 

than control treatment. While, use of WM as a source of K did not increase grain weight per plant 

expressively (p< 0.05) than untreated one.  

In case of inoculated treatments, highest of above said attribute (up to 109% more than 

control) was recorded by the provision of K2SO4-EC + KSB inoculation followed by inoculated 

K2SO4 treatment (69.8% more over control). Inoculated WM-EC was a next effective treatment in 

producing higher grain weight per plant (52%) when paralleled with untreated one. While, non-

substantial gap in above mentioned treatment was witnessed in rest of the treatments when 

paralleled with untreated one. 

4.4.7 Root length  

Above said attribute is one of best criteria when effectual bacteria inoculation is under discussion. 

Results about root length showed that application of K2SO4-EC exhibited highest increment in 

above said attribute was noticed 32.3% higher over control treatment. Next effectiveness 

treatments were K2SO4 and WM-EC that also gave substantial (p< 0.05) increment in root length 

by 27.9 and 8.1% respectively, over untreated one. Results of WM-EC were expressively higher 

than control and WM alone, but expressively lower than K2SO4-EC and K2SO4 treatments. 

Application of WM did not increase root length expressively (p< 0.05) when these are paralleled 

with untreated one.  

When these treatments were tested with KSB inoculation, all treatments showed substantial 

(p< 0.05) effect on root length over untreated one except WM treatment. Highest root length (up 

to 40%) was observed when soil amended with K2SO4-EC + KSB inoculation followed by K2SO4 

and WM-EC along with KSB inoculation that gave increment in root length 37.3 and 33% more, 

respectively when these combinations are paralleled with untreated one. While, non-substantial 

(p< 0.05) difference in root measurement was witnessed between sole provision of KSB 

inoculation and control treatments. 
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4.4.8 Root fresh weight  

All treatments showed substantial (p< 0.05) effect on root fresh weight as compared to untreated 

control except WM treatment. Highest increment in said attribute was observed up to 37.3% due 

to application of K2SO4-EC and followed by K2SO4 (34% increase) treatment over untreated one. 

WM-EC also increased the root biomass to 17.5% than untreated one. Application of WM did not 

increase root fresh weight expressively (p< 0.05) than untreated one.  

Among inoculated treatments, highest root fresh biomass (up to 43.8% more over control) 

was obtained due to of K2SO4-EC + KSB inoculation followed by K2SO4 treatment. Application 

of inoculated WM-EC had also shown increment in root biomass of 39.2% more over control 

treatment. Rest of the treatments (inoculated WM and sole KSB) also upgraded the root biomass 

up to 11% higher than untreated one treatment.  

4.4.9 Root dry weight  

Highest increment in said attribute was recorded 50.7% as a result of K2SO4-EC followed by 

K2SO4 (44.7% increase) treatment than untreated one. Application of WM-EC also expressively 

(p< 0.05) improved the root dried biomass (up to 18.6%) than untreated one. While, application of 

WM did not increase root dry weight expressively (p< 0.05) over control.  

When all these combinations were tested with KSB, all of them showed substantial (p< 

0.05) increment in root dried biomass over untreated ones. Provision of K2SO4-EC + KSB 

inoculation showed highest root dried biomass up to 66.1% more over untreated one followed by 

treatments WM-EC + KSB and K2SO4 + KSB that gave 65 and 53.8% increment in root dried 

biomass, respectively over untreated one. While, rest of the treatments also showed substantial (p< 

0.05) increment in root dried biomass that was up to 33.2% more over untreated one.  

4.4.10 Potassium (K) content in shoot 

Results about K content in various plant parts revealed that integrated use of different K sources 

(i.e. WM, K2SO4, WM-EC and K2SO4-EC) with KSB inoculation had shown substantial (p< 0.05) 

effects on said attribute of shoot of corn as than control. Highest increment in above said attribute 

(up to 98.3%) was recorded due to application of K2SO4-EC followed by K2SO4 treatment (94.1%) 

as compared to untreated one. K content in shoot also increased expressively when soil amended 

with WM-EC that was up to 38.7% more than untreated one. Application of WM was unable to 

produce substantial (p< 0.05) increment said parameter over control.  

In the presence of KSB inoculation, Highest K content in shoot was recorded up to 114.3%
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Table 4.4.3. Integrated effect of KSB inoculation and different potassium sources on root length, root fresh weight and root dry 

weight of corn (Zea mays L.) in field conditions 

Treatments 
Root length (cm) Root fresh weight (g plant-1) Root dry weight (g plant-1) 

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 29.7 d 31.5 cd 50.9 e 55.2 d 8.43 f 10.83 cd 

WM 30.8 cd 32.6 c 52.1 de 56.4 cd 8.87 ef 11.23 cd 

K2SO4  38.0 b 40.8 ab 68.2 b 73.4 a 12.20 bc 12.97 ab 

WM-EC 32.1 c  39.5 ab 59.8 c 70.9 ab 10.00 de 13.90 a 

K2SO4-EC 39.3 ab 41.5 a 69.9 ab 73.2 a 12.70 ab 14.00 a 

LSD value 2.36 4.20 1.46 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended dose of potassium sulfate; WM-EC = Waste 

mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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because of K2SO4-EC + KSB inoculation followed by treatment K2SO4 with KSB inoculation that 

also improved the K content in shoot up to 112% than control treatment. Provision of WM-EC + 

KSB inoculation also showed substantial (p< 0.05) effect on shoot-K that was 66.4% more than 

control. While, non-substantial effect on K content of shoot was observed because of inoculated 

WM and KSB application than untreated one.  

4.4.11 Potassium (K) content in root 

Highest increment in said attribute (up to 250% higher over control) was recorded as a result of 

K2SO4-EC followed by treatment K2SO4 while, impact of both treatments was found non-

substantial (p< 0.05) among each other. Application of WM-EC in soil also improved the K content 

in root expressively (p< 0.05) that was 150% higher than untreated one. While, use of WM as K 

source did not show substantial (p< 0.05) impact on K content in root over control. 

In the presence of KSB inoculation, Highest K content in root (up to 261.5%) was obtained 

by K2SO4-EC + KSB inoculation followed by treatment K2SO4 + KSB inoculation than untreated 

one. Next influential combination (WM-EC + KSB inoculation) also exhibited substantial effect 

on K content of root that was 169.1% more than control. While, minimum K content in root was 

recorded up to 36% as a result of inoculated WM application than untreated one. 

4.4.12 Potassium (K) content in grain 

Highest increment in this parameter (up to 67%) was witnessed by treatment K2SO4-EC followed 

by K2SO4 (up to 57.2%) as compared to untreated one. Potassium content in grain also expressively 

improved as a result of WM-EC that was 22.2% higher than untreated one. Application of WM as 

K source did not produce substantial (p< 0.05) impact on above discussed parameter when 

paralleled with the control one.  

In the presence of KSB inoculation, highest K content in grain (up to 73.3% more over 

control) was obtained by application of K2SO4-EC + KSB inoculation followed by treatment 

K2SO4 + KSB inoculation. Next effective treatment was WM-EC + KSB inoculation that gave up 

to 39% more K content in grain when put in contrast with untreated one. While, remaining 

combinations exhibited non-substantial (p< 0.05) outcome of said parameter when these are 

paralleled with untreated one. 

4.4.13 Protein content in grain  

With or without provision of KSB inoculation, all treatments exhibited a non-substantial (p< 0.05) 
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Table 4.4.4. Integrated effect of KSB inoculation and different potassium sources on potassium contents in shoot, root and grain of 

corn (Zea mays L.) in field conditions 

Treatments 
Potassium content in shoot  

(mg g-1) 

Potassium content in root  

(mg g-1) 

Potassium content in grain  

(mg g-1) 

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 11.9 f 13.1 f 3.43 d 4.33 cd 1.80 d 1.90 cd 

WM 12.2 f 13.5 f 3.57 d 4.67 c 1.77 d 2.13 cd 

K2SO4  23.1 c 25.2 ab 11.80 a 12.07 a 2.83 ab 3.10 a 

WM-EC 16.5 e 19.8 d 8.57 b 9.23 b 2.20 bcd 2.50 abc 

K2SO4-EC 23.6 bc 25.5 a 12.00 a 12.40 a 3.00 a 3.12 a 

LSD value 1.82 1.01 0.674 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4-EC = Recommended dose of potassium sulfate; WM-EC = 

Waste mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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effect on protein content in grain except WM-EC treatment. In case of uninoculated treatments, 

Highest increment in protein content in grain (up to 23.1% more than control) was recorded by 

K2SO4-EC treatment followed by treatment K2SO4 while, effect of both treatments was fond non-

substantial to each other. Rest of the treatments showed non-substantial (p< 0.05) effect on this 

concerned parameter than untreated one. 

In the presence of KSB inoculation, Highest protein content in grain (up to 25.7% higher than 

control) was obtained by application of K2SO4-EC + KSB inoculation followed by treatment 

K2SO4 + KSB inoculation. Next effective treatment was WM-EC + KSB inoculation that gave 

10% more protein content in grain over untreated one. While, slightest increments in said attribute 

in grain were noted up to 1.5% as a result of inoculated WM application when put in contrast with 

untreated one.  

4.4.14 Starch content in grain  

Highest increment in above written trait was noted up to 11% more over untreated one as a result 

of K2SO4-EC followed by K2SO4 treatment. Rest of the treatments (WM and WM-EC) did not 

improve starch content in grain expressively (p< 0.05) than untreated one.  

In case of inoculated treatments, highest starch content in grain (up to 14.8% more over 

control) was obtained when soil amended with K2SO4-EC+ KSB inoculation followed by 

treatment K2SO4 + KSB inoculation. Next effective treatment was WM-EC + KSB inoculation 

that gave 8.9% more starch content in grain than untreated one. While, slightest increment in starch 

content in grain was noted up to 2.6% as a result of inoculated WM application as compared to 

control treatment. 

4.4.15 Oil content in grain  

Upshots of oil content in grain showed that highest increment in said parameter (up to 15%) when 

soil amended with K2SO4-EC followed by K2SO4 treatment as compared to untreated one. While, 

rest of the treatments did not show substantial (p< 0.05) influence on oil content in grain than 

untreated one.  

In the presence of KSB inoculation, highest oil content in grain was recorded up to 16.5% 

by application of K2SO4-EC + KSB inoculation followed by treatment K2SO4 + KSB inoculation 

as compared to respective control treatment. Application of WM-EC + KSB inoculation in soil 

had also shown substantial effect on oil content in grain that was 10.5% more than control 

treatment. While, minimum oil content in grain was noted up to 2.3% as a result of inoculated WM
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Table 4.4.5 Integrated effect of KSB inoculation and different potassium sources on protein content, starch content and oil content 

of corn (Zea mays L.) in field conditions 

Treatments 
Protein content (mg g-1) Starch content (mg g-1) Oil content (mg g-1) 

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 68.70 c 69.10 c 594.7 d 607.7 d 40.03 c 40.87 c 

WM 69.40 c  69.77 c 600.3 d 610.0 d 40.68 c 41.49 c 

K2SO4  83.87a 85.97 a  653.7 ab 679.0 a 45.41 ab 46.49 a 

WM-EC 69.47 c 75.67 b 621.7 cd 647.7 bc 41.62 c 44.21 b 

K2SO4-EC 84.60 a 86.33 a  660.3 ab 682.7 a 46.03 a 46.64 a 

LSD value 2.83 29.44 1.99 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended dose of potassium sulfate; WM-EC = Waste 

mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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application than untreated one. 

4.3.15 Photosynthetic rate  

In case of uninoculated treatments, Highest photosynthetic rate (86.3% more over control) was 

recorded due to application of K2SO4-EC followed by K2SO4 treatment (82.3% increase) as 

compared untreated one. Next effective treatment was WM-EC that also exhibited expressively 

(p< 0.05) higher photosynthetic rate (26.6%) when put in contrast with untreated one. The 

provision of WM as K source was unable to produce substantial (p< 0.05) effect on photosynthetic 

rate in comparison to control treatment. 

More promising results were obtained when these treatments were tested with KSB 

inoculation. Highest photosynthetic rate (102.7% more over control) was observed due to K2SO4-

EC + KSB followed by treatment K2SO4 + KSB inoculation (99.7% more) when put in comparison 

with control one. Next effectual combination was WM-EC + KSB inoculation that gave 

expressively (p< 0.05) higher photosynthetic rate (54.4% more) than control treatment. Rest of the 

treatments (WM + KSB and sole inoculation) did not show substantial (p< 0.05) effect on 

photosynthetic rate in comparison to untreated one.  

4.3.16 Transpiration rate  

Highest increment in said attribute was recorded up to 48.5% by application of K2SO4-EC followed 

by K2SO4 treatment (47.7% more) as compared untreated one while, effect of both treatments was 

found non-substantial (p< 0.05) among each other. Next effective treatment (WM-EC) had also 

shown expressively (p< 0.05) higher transpiration rate up to 9.6% additional when put in contrast 

with control. While, provision of WM did not show substantial (p< 0.05) effect on transpiration 

rate as compared to untreated one.  

For KSB inoculated sets, highest transpiration rate (up to 50.3% more over control) was 

observed by application of K2SO4-EC + KSB inoculation followed by treatment K2SO4 + KSB 

treatment while, both treatments gave non-substantial (p< 0.05) effect on transpiration rate to each 

other. Application of WM-EC + KSB also increased the transpiration rate (up to 26.5%) 

expressively (p< 0.05) when paralleled with untreated one. Other remaining sets (WM + KSB 

and sole inoculation) did not show substantial (p< 0.05) effect on transpiration rate in comparison 

to untreated over control. 

4.3.17 Water use efficiency (WUE)  

In case of uninoculated treatments, Highest increment in WUE (up to 25.4%) was recorded by
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Table 4.4.6 Integrated effect of KSB inoculation and different potassium sources on photosynthetic rate, transpiration rate and 

WUE of corn (Zea mays L.) under pot conditions 

Treatments 
Photosynthetic rate  

(µmol m-2 s-1) 

Transpiration rate  

(mmol m-2 s-1) 

WUE  

(µmol CO2 mmol-1 H2O)  

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 9.93 e 10.97 de 3.77 cd 4.07 cd 2.64 d 2.70 bcd 

WM 10.17 e  10.87 de 3.70 cd 4.07 cd 2.71 bcd 2.68 cd 

K2SO4  18.10 b 19.83 ab 5.57 a 5.60 a 3.25 ab 3.54a 

WM-EC 12.57 d 15.93 c 4.13 c 4.77 b 3.05 abcd 3.22 abc 

K2SO4-EC 18.50 ab 20.13 a 5.60 a 5.67 a 3.31 a 3.55 a 

LSD value 1.96 0.532 0.565 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended dose of potassium sulfate; WM-EC = Waste 

mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 

WUE = Water use efficiency 
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application of K2SO4-EC followed by K2SO4 treatment when put in contrast with untreated one. 

Remaining sets (WM-EC and WM) did not show substantial (p< 0.05) effect on WUE when 

paralleled with untreated one.  

Because of KSB inoculation, highest WUE (up to 34.5%) was achieved due to K2SO4-EC + 

KSB as compared to uninoculated control. Next effective treatment was K2SO4 + KSB inoculation 

that also gave 22% higher WUE than uninoculated control followed by treatment WM-EC + KSB 

inoculation. Rest of the treatments (WM + KSB and sole inoculation) did not expressively (p< 

0.05) improve the WUE than untreated one.  

4.3.18 Total chlorophyll content 

Data about said attribute showed that Highest total chlorophyll content (up to 30.5%) was obtained 

by application of K2SO4-EC followed by K2SO4 treatment that gave total chlorophyll content up 

to 28.7% more than untreated one. Application of WM-EC also increased total chlorophyll content 

expressively (p< 0.05) as compared to untreated one. While, use of WM as K source did not show 

substantial (p< 0.05) impact on chlorophyll in comparison to control treatment. 

Outcomes of above said attribute were found more effective when these treatments were 

tested with KSB inoculation. Highest total chlorophyll content (up to 41.4% more over control) 

was obtained as a result of K2SO4-EC + KSB inoculation followed by K2SO4 + KSB inoculation 

(up to 38.7%) while effect of both treatments was found at par with each other. Next effective 

treatment was WM-EC + KSB inoculation that also expressively increased the total chlorophyll 

content up to 27.1% than control. While, other sets gave minimum increment in total chlorophyll 

content that was up to 6.2% more than control treatment. 

4.3.19 Stomatal conductance 

In case of uninoculated treatments, application of K2SO4-EC showed substantial (p< 0.05) effect 

on stomatal conductance (up to 76.2% more over control) followed by K2SO4 treatment while both 

sets were found mutually at par. Provision of WM-EC also increased the stomatal conductance by 

14.3% than untreated one. While, provision of WM as K source was unable to give substantial (p< 

0.05) effect on stomatal conductance over control. 

In the presence of KSB inoculation, highest stomatal conductance (up to 85.7% more over 

control) was recorded with K2SO4-EC + KSB inoculation followed by K2SO4 treatment along with 
KSB inoculation and their effect was found non-substantial (p< 0.05) in mutual contrast of 

these two sets.
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Table 4.4.7 Integrated effect of KSB inoculation and different potassium sources on 

chlorophyll contents and stomatal conductance of corn (Zea mays L.) under pot conditions 

Treatments 
Chlorophyll content 

(µmol m-2 s-1) 

Stomatal conductance 

(mmol m-2 s-1) 

-KSB +KSB -KSB +KSB 

Control 2.92 e 3.00 de 0.21 c 0.23 c 

WM 2.95 e 3.10 cd 0.22 c 0.23 c 

K2SO4  3.76 b 4.05 a 0.36 ab 0.38 a 

WM-EC 3.19 c 3.71 b 0.24 c 0.31 b 

K2SO4-EC 3.81 b  4.13 a 0.37 a 0.39 a 

LSD value 0.118 0.057 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended 

dose of potassium sulfate; WM-EC = Waste mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 

WUE = Water use efficiency 
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Application of WM-EC + KSB inoculation had also increased expressively (p< 0.05) 

stomatal conductance up to 47.6% than untreated one. Remaining sets did not increase the stomatal 

conductance expressively (p< 0.05) than control. 

4.4.21 Catalase activity (CAT) 

In case of uninoculated treatments, Highest decrease in CAT was recorded up to 33.2% by K2SO4-

EC treatment as compared to untreated one. Next effect treatment (K2SO4) had also shown 

substantial reduction in CAT activity that was 21.8% lower than untreated one. While, application 

of WM-EC in soil also decreased the CAT activity (up to 10.2%) expressively (p< 0.05) than 

control. Application of WM as K source was unable to cause substantial (p< 0.05) decline in CAT 

activity than control treatment. 

In the presence of KSB inoculation, Highest CAT activity (up to 38.5% less than control) 

was obtained by K2SO4-EC + KSB treatment followed by treatment K2SO4 along with KSB 

inoculation. Next effective treatment was WM-EC + KSB inoculation that gave 17.7% lower CAT 

activity than untreated one. Rest of the treatment had also shown substantial (p< 0.05) reduction 

in CAT activity that was up to 13% lower than untreated one. 

4.4.22 Peroxidase activity (POD)  

Results about peroxidase activity revealed that all treatments showed substantial decrease in POD 

activity as compared to control except WM treatment. Highest decrease in SOD activity was 

recorded up to 53.9% as a result of K2SO4-EC followed by K2SO4 (48.2% lower) compared to 

untreated one. Peroxidase activity also decreased (up to 24.9%) expressively by application of 

WM-EC than untreated one. While, soil received WM as K source was unable to decrease POD 

activity expressively (p< 0.05) than control. 

In the presence of KSB inoculation, Highest SOD activity (up to 56.8% more over control) 

was obtained by application of K2SO4-EC + KSB inoculation followed by treatment K2SO4 along 

with KSB inoculation (54.5% lower than control). Next effective treatment (WM-EC + KSB 

inoculation) had also shown substantial (p< 0.05) reduction in POD activity that was 38.3% lower 

than control. Rest of the treatments also showed substantial (p< 0.05) reduction in POD activity 

that was recorded up to 12.2% lower than control treatment.  

4.4.23 Superoxide dismutase activity (SOD)  

All treatments showed same effect on SOD activity as like to CAT and POD activities. Highest 
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Table 4.4.8 Integrated effect of KSB inoculation and different potassium sources on catalase, peroxidase and superoxide dismutase 

activities of corn (Zea mays L.) in field conditions 

Treatments 
Catalase activity  

(U mg-1 protein) 

Peroxidase activity  

(U mg-1 protein) 

Superoxide dismutase activity  

(U mg-1 protein)  

-KSB +KSB -KSB -KSB +KSB -KSB 

Control 68.93 a 61.67 b 80.00 a 72.03 b 60.47 a 53.23 b 

WM 67.83 a 60.93 b 78.43 a 70.27 b 58.10 ab 51.77 b 

K2SO4  54.77 d 45.20 e 42.10 e 37.03 fg 37.23 de 26.83 f 

WM-EC 62.97 b 57.70 c  61.03 c 50.17 d 44.33 c 40.47 cd 

K2SO4-EC 46.80 e 43.13 f 37.47 f 35.13 g 35.20 de 31.37 ef 

LSD value 2.04 2.26 6.52 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended dose of potassium sulfate; WM-EC = Waste 

mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria)  
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reduction in SOD activity (up to 43.5% more over control) was recorded because of K2SO4-EC 

treatment followed by K2SO4 treatment (40.2% lower than control) but their effect was non-

substantial among each other (Table 4.4.8). Application of WM-EC also reduced expressively (p< 

0.05) SOD activity (up to 28.8%) than control treatment. While, use of WM as K source did not 

reduce expressively (p< 0.05) SOD activity than untreated one. 

Because of presence of KSB inoculation, highest reduction in SOD activity (up to 49.6% 

more over control) was recorded due to K2SO4-EC + KSB followed by treatment K2SO4 + KSB 

inoculation (56.9% lower than control) while effect of both treatments was found at par with each 

other. Next effective treatment (WM-EC + KSB inoculation) also reduced expressively SOD 

activity (up to 35%) when these are paralleled with control treatment. While, other treatments 

(WM + KSB and sole KSB inoculation) also reduced expressively (p< 0.05) POD activity that was 

up to 16.9% lower than control. 

4.4.24 Post harvest analysis of rhizosphere soil for H2O extractable K 

Result about H2O extractable K concentration presented that all sets expressively (p< 0.05) 

increased the H2O extractable K concentration in rhizosphere soil over untreated one except WM 

treatment (Table 4.4.9). In case of uninoculated treatments, application of K2SO4-EC gave Highest 

increment in H2O extractable K concentration in rhizosphere soil (up to 31.2%) followed by K2SO4 

(28.9% increase) as compared to untreated one. Next treatment WM-EC also increased (up to 

8.1%) the H2O extractable K in rhizosphere soil expressively (p< 0.05) as compared to untreated 

one. Application of WM as K source did not increase H2O extractable K in rhizosphere soil 

expressively (p< 0.05) as compared to control. 

In the presence of KSB inoculation, Highest H2O extractable K in rhizosphere soil (up to 

48.5% more over control) was obtained by application of K2SO4-EC + KSB inoculation followed 

by K2SO4 + KSB inoculation that also gave up to 43% increment in H2O extractable K in 

rhizosphere soil. Next effective treatment was WM-EC + KSB inoculation that also increased (up 

to 23.4%) H2O extractable K in rhizosphere soil expressively than untreated one. While rest of the 

treatments had also shown substantial (p< 0.05) increment in H2O extractable K in rhizosphere 

soil that up to 6.5%higher than untreated one. 

4.4.25 Post harvest analysis of bulk soil for H2O extractable K 

In case of H2O extractable K in bulk soil, Highest increment in H2O extractable K in bulk soil (up 

to 44.6%) was obtained by K2SO4-EC followed by K2SO4 treatment in comparison to untreated 
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one. Application of WM-EC also enhanced expressively (p< 0.05) H2O extractable K in bulk soil 

(up to 18%) over untreated one. Application of WM as K source was unable to produce substantial 

(p< 0.05) increment in H2O extractable K in bulk soil than control. 

In the presence of KSB inoculation, application of K2SO4-EC + KSB inoculation had 

shown Highest H2O extractable K in bulk soil that was up to 62% more over control followed by 

K2SO4 treatments + KSB inoculation. Next effective treatment was WM-EC plus KSB inoculation 

that showed up to 36% more H2O extractable K in bulk soil over control. While, remaining 

treatments also improved expressively concentration of H2O extractable K in bulk soil that was up 

to 15% more than untreated one.  

4.4.26 Post harvest analysis of rhizosphere soil for exchangeable K 

Results regarding exchangeable K in rhizosphere soil revealed that highest increment in 

exchangeable K in rhizosphere soil was recorded up to 17.4% by treatment K2SO4-EC followed 

exchangeable K in rhizosphere soil was recorded up to 17.4% by treatment K2SO4-EC followed 

by K2SO4 over untreated one while, effect of both treatments was found non-substantial (p< 0.05) 

among each other. Application of WM-EC in soil also increased expressively (p< 0.05) 

exchangeable K in rhizosphere soil (up to 11.6%) as compared to control. While, use of WM as K 

source was did not show substantial (p< 0.05) increment in exchangeable K in rhizosphere soil 

over control. 

In the presence of KSB inoculation, Highest exchangeable K in rhizosphere soil (up to 33% 

more over control) was observed because of K2SO4-EC + KSB followed by treatment K2SO4 + 

KSB inoculation (30.1% higher than control). Next effective treatment was WM-EC along with 

KSB inoculation that showed up to 20% more exchangeable K in the rhizosphere soil over control. 

While, rest of the treatments were found unable to show a substantial (p< 0.05) change in 

exchangeable K in rhizosphere soil that was up to 8.1% more than control. 

4.4.27 Post harvest analysis of bulk soil for exchangeable K 

Highest increment in exchangeable K in bulk soil (up to 14% more over control) was observed 

due to application of K2SO4-EC followed by K2SO4 treatment (11% more over control) and effect 

of both treatments was found non-substantial with each other. Results exchangeable K in bulk soil 

didn’t improve expressively (up to 3.9%) by WM-EC treatment when put in contrast with 

respective control. While, provision of WM as K source was unable to produce substantial (p< 

0.05) results when paralleled with control one. 
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Table 4.4.9 Integrated effect of KSB inoculation and different potassium sources on post-harvest H2O extractable, exchangeable 

and NH4OAc extractable K in corn (Zea mays L.) rhizosphere as well as bulk soil in field conditions 

Treatments H2O Extractable K (mg kg-1 soil) Exchangeable K (mg kg-1 soil) NH4OAc Extractable K (mg kg-1 soil) 

Rhizosphere soil Bulk soil Rhizosphere soil Bulk soil Rhizosphere soil Bulk soil 

-KSB +KSB -KSB +KSB -KSB +KSB -KSB +KSB -KSB +KSB -KSB +KSB 

Control 65.4 f 68.6 e 51.3 f 57.4 e 161.4 h 167.2 ef 132.3 f 135.6 ef 226.8 g 235.8 f 183.6 f 193.0 de 

WM 67.1 ef 69.8 de 53.0 f 59.0 de 163.7 gh 174.4 e 133.7 ef 138.8 de 230.8 fg 244.2 de 186.7 ef 197.8 d 

K2SO4 84.3 bc 93.3 ab 72.2 b 81.4 a 188.3 bc 211.1 a 146.8 c 160.1 a 272.6 c 304.5 ab 222.9 b 241.4 a 

WM-EC 70.7 d 80.7 c 60.4 d 69.7 bc 180.2 d 193.3 b 137.5 de 153.2 b 250.9 d 273.0 c 197.8 d 219.0 c 

K2SO4-EC 85.8 b 97.1 a 74.2 b 83.1 a 189.5 b 214.6 a 150.4 b 163.6 a 275.2 c 311.7 a 224.6 b 246.7 a 

LSD value 2.88 3.59 4.51 4.39 7.28 4.71 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended dose of potassium sulfate; WM-EC = Waste 

mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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With KSB inoculation, these treatments showed more substantial (p< 0.05) results as 

compared to untreated one. Application of K2SO4-EC + KSB inoculation showed highest 

exchangeable K in bulk soil (up to 23.7% more over control) followed by treatment K2SO4 + KSB 

inoculation (21% increase over control). Next effective treatment (WM-EC + KSB inoculation) 

had also exhibited substantial (p< 0.05) effect on exchangeable K in bulk soil that was up to 16% 

more than control. Minimum concentration of exchangeable K in bulk soil was recorded up to 5% 

higher due to application of WM + KSB inoculation as compared to untreated one. While, sole 

inoculation with KSB did not increase expressively (p< 0.05) concentration of exchangeable K in 

bulk soil than control treatment. 

4.4.28 Post harvest analysis of rhizosphere soil for NH4OAc extractable K 

All treatments showed expressively higher concentration of NH4OAc extractable K in rhizosphere 

soil as compared to untreated one except WM treatment (Table 4.4.9). In case of uninoculated 

treatments, K2SO4-EC had shown Highest concentration of NH4OAc extractable K in rhizosphere 

soil (up to 21.3%) followed by K2SO4 over untreated one while, both sets were found mutually at 

par. The provision of WM-EC also expressively increased the NH4OAc extractable K in 

rhizosphere soil that was 10.6% more over control. While, use of WM as K source did not give 

substantial (p< 0.05) results than control. 

In the presence of KSB inoculation, Highest NH4OAc extractable K in rhizosphere soil (up 

to 37.4%) was obtained by application of K2SO4-EC + KSB inoculation followed by K2SO4 

treatment along with KSB inoculation that also gave 34.2% more concentration of NH4OAc 

extractable K in rhizosphere soil than control. Next effective treatment was WM-EC + KSB 

inoculation that exhibited up to 20.4% higher NH4OAc extractable K in rhizosphere soil than 

control. While, rest of the treatments also improved expressively (p< 0.05) concentration of 

NH4OAc extractable K in rhizosphere soil that up to 7.8% as compared to control. 

4.4.29 Post harvest analysis of bulk soil for NH4OAc extractable K 

Similar trend in results was observed in bulk soil for NH4OAc extractable K as like to K conc. in 

the rhizosphere soil. Highest increment in NH4OAc extractable K in bulk soil (up to 22.3%) was 

recorded due to K2SO4-EC treatment followed by K2SO4 treatment as compared to untreated one. 

Application of WM-EC treatment in soil also showed substantial (p< 0.05) effect on NH4OAc 

extractable K in bulk soil that was up to 8% more than untreated one. While, application of WM 

as K could not give substantial (p< 0.05) results than untreated one. 
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More promising results were obtained by integrated use of these treatments with KSB 

inoculation. Highest NH4OAc extractable K in bulk soil (up to 34.4% more over control) was 

obtained by application of K2SO4-EC + KSB inoculation followed by K2SO4 treatment. Next 

effective treatment was WM-EC + KSB inoculation that gave 19.3% more NH4OAc extractable K 

in bulk soil over untreated one. Rest of the treatments also showed substantial effect on NH4OAc 

extractable K in bulk soil that was up to 7.8% more than untreated one.  

4.4.30 Soil dehydrogenase activity (DHA) 

Results about soil dehydrogenase activity showed that without KSB inoculation, Highest soil DHA 

was recorded up to 43.7% as a result of K2SO4-EC treatment followed by WM-EC treatment 

(40.6% more over control) than untreated one while, both sets were found mutually at par. Rest of 

the treatments (WM and K2SO4) did not improve soil DHA expressively (p< 0.05) than untreated 

one. Least upsurge (up to 0.26%) in soil DHA was observed when soil amended with WM in 

comparison to control treatment.  

More promising increase on soil DHA was observed when these treatments were tested 

with KSB inoculation. Integrated application of K2SO4-EC along with KSB inoculation showed 

Highest soil DHA that was up to 77.9% higher than control treatment followed by WM-EC + KSB 

inoculation (76.9% more over control) while, both treatments had shown non-substantial (p< 0.05) 

effect among each other. Rest of the treatments (K2SO4 + KSB, WM + KSB and sole KSB 

inoculation) also increased the soil DHA expressively (p< 0.05) that ranged from 16.1 to 25.3% 

more than untreated one treatment while, these treatments were found at par with each other. 

4.4.31 Soil β-glucosidase activity (β-GAA) 

Among uninoculated treatments, application of K2SO4-EC and WM-EC treatment showed Highest 

soil β-GAA (up to 325% increase over control) that was expressively (p< 0.05) higher than 

respective control. While, application of all remaining treatments could not increase the soil β-

GAA expressively (p< 0.05) when paralleled with untreated one.  

Because of presence of KSB inoculation, all these treatments showed expressively (p< 

0.05) higher soil β-GAA than respective control. Highest soil β-GAA (563% more over control) 

was observed due to K2SO4-EC + KSB inoculation that was highly substantial (p< 0.05) over 

untreated one followed by treatment WM-EC + KSB inoculation. Rest of the treatments also 

showed substantial (p< 0.05) increment in soil β-GAA that was ranging from 105 to 124% higher 

than untreated one.  
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4.4.32 Total organic carbon (TOC) 

In case of uninoculated treatments, Highest total organic – C (11.5% more over control) was 

recorded as a result of WM-EC that expressively (p< 0.05) higher than untreated one followed by 

K2SO4-EC treatment (9.8% more over control) while, both sets were found mutually at par. In rest 

of the treatments (K2SO4 and WM) did not give expressively (p< 0.05) higher total organic – C in 

comparison to untreated one treatment.  

In the presence of KSB inoculation, Highest total organic - C (25% more over control) was 

obtained by application of WM-EC + KSB inoculation followed by treatment K2SO4-EC + KSB 

inoculation (22.6% more over untreated one) when put in contrast with control one. Identical 

treatments as above, without composted material, did not improve the total organic - C 

expressively (p< 0.05) than untreated treatment.  

4.4.33 Dissolved organic carbon (DOC) 

Results about dissolved organic carbon showed that Highest DOC (74% more over control) was 

because of K2SO4-EC followed by treatment WM-EC (70.2% more over control) that was 

expressively (p< 0.05) higher than untreated one. Rest of the treatments (WM and K2SO4) did not 

exhibit non-substantial (p< 0.05) effect on DOC content in soil when these are paralleled with 

untreated one.  

All inoculated sets showed expressively (p< 0.05) higher DOC than respective control. In 

this case, Highest DOC (219.4% more over control) was recorded by K2SO4-EC + KSB 

inoculation followed by WM-EC + KSB inoculation (214.3% higher) as compared control. 

Application of K2SO4 + KSB inoculation also showed expressively (p< 0.05) higher DOC that was 

31.4% higher upon making contrast with control. While, WM and sole inoculated sets also gave 

substantial (p< 0.05) effect on DOC that was recorded up to 22.9 and 16.3%, respectively more 

than untreated one.  

4.4.34 Microbial biomass carbon (MBC) 

Results about microbial biomass – C showed that Highest (up to 25% more over control) increment 

in MBC was recorded as a result of K2SO4-EC followed by WM-EC treatment while, effect of 

both treatments were found at par among each other. All other sets (WM and K2SO4) did not 

improve the microbial biomass – C contents expressively (p< 0.05), when these are paralleled with 

untreated one.  

In the presence of KSB inoculation, Highest MBC (up to 48% higher than control) was 
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Table 4.4.10 Integrated effect of KSB inoculation and different potassium sources on post-harvest dehydrogenase activity, β-

glucosidase activity, total organic carbon and dissolved organic carbon in soil of corn (Zea mays L.) in field conditions 

Treatments Dehydrogenase activity 

(µg TPF g-1 soil h-1) 

β-Glucosidase activity 

(µg TPF g-1 soil h-1) 

Total organic C 

(g kg-1 soil) 

Dissolved organic C 

(mg kg-1 soil) 

-KSB +KSB -KSB +KSB -KSB +KSB -KSB +KSB 

Control 14.93 f 17.57 de 2.49 d 5.12 c 5.49 c 5.58 c 42.43 e 49.33 d 

WM 15.17 ef 17.92 d 2.56 d  5.17 c 5.52 c 5.59 c 43.27 e 52.13 d 

K2SO4 16.64 def 18.95 cd 2.74 d 5.57 c 5.54 c 5.61 c 46.07 e  55.77 c 

WM-EC 21.27 bc 26.77 a 10.51 b 15.93 a 6.12 b 6.86 a 72.23 b 133.34 a 

K2SO4-EC 21.74 b 26.92 a 10.60 b 16.52 a 6.03 b 6.73 a 73.84 b 135.53 a 

LSD value 2.39 1.46 0.377 1.96 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended dose of potassium sulfate; WM-EC = Waste 

mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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obtained by application of K2SO4-EC + KSB inoculation followed by WM-EC + KSB inoculation 

while, both treatments were found statistically non-substantial (p< 0.05) to each other. Other 

treatments (sole inoculation, WM + KSB inoculation and K2SO4 + KSB) also increased the MBC 

expressively (p< 0.05) that was around 6.9% greater, when paralleled with untreated one.  

4.4.35 KSB population (log CFU) 

Application of K2SO4-EC in soil showed Highest increment in log CFU (up to 43.1%) followed 

by WM-EC that also showed 41.8% more log CFU, over untreated one. Subsequent influential set 

was K2SO4 that increased log CFU expressively (21.7%) upon making contrast with untreated one. 

Application of WM as K source was unable to produce substantial (p< 0.05) results when 

paralleled with untreated one. 

These treatments showed more promising increment in microbial population in the 

presence of KSB inoculation. Highest log CFU (up to 47% more over control) was obtained by 

application of K2SO4-EC + KSB inoculation followed by WM-EC + KSB inoculation while both 

treatments showed non-substantial among each other. Next effective treatment was K2SO4 

treatment along with KSB inoculation that gave up to 24% more log CFU when paralleled with 

untreated one. While, remaining sets had also shown substantial effect on log CFU that was up to 

4.5% more than untreated one. 

4.5 Optimization of potassium sulfate (K2SO4) and WM-EC coupled with KSB inoculation 

for improving K-nutrition of corn in field conditions 

Depending on capability of K-solubilizing bacteria to stimulate growth and produce of corn (Zea 

mays L.) with various sources of K, a study was designed to optimize the quantity of soluble and 

insoluble potassium sources (K2SO4 and mica) for obtaining better growth and produce of corn 

crop in field conditions. For this, waste mica (WM) was used after blending with compost to 

improve its solubility and efficacy. Outcomes of this study are mentioned below. 

4.5.1 Plant height   

Upshots showed that integrated supplementation of KSB inoculation with different combinations 

of WM-EC and K2SO4 on plant height, fresh biomass and grain produce of corn (Zea mays L.) had 

shown substantial (p< 0.05) differences as compared to control (Table 4.5) Highest increment in 

plant height (up to 54.2%) was recorded as result of 25% WM-EC + 75% CF followed by 100% 

CF and 50% WM-EC + 50% CF treatments (51 and 45% increase) respectively, over untreated 
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Table 4.4.11 Integrated effect of KSB inoculation and different potassium sources on 

microbial biomass carbon and KSB population in soil of corn (Zea mays L.) in field conditions 

Treatments 
Microbial biomass C 

(mg kg-1 soil) 

Microbial population 

(log CFU g-1 soil) 

-KSB +KSB -KSB +KSB 

Control 236.33 e 252.82 cd 4.66 d 4.85 d 

WM 241.25 de 258.13 c  4.66 d 4.87 d 

K2SO4 244.88 de 262.27 cd 5.67 c 5.77 c 

WM-EC 298.45 b 361.67 a 6.61 b 6.83 a 

K2SO4-EC 300.13 b 363.13 a 6.67 b 6.84 a 

LSD value 14.8 0.381 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; WM = Waste mica; K2SO4 = Recommended 

dose of potassium sulfate; WM-EC = Waste mica enriched compost; K2SO4-EC = Potassium sulfate enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 

CFU = Colony forming unit 
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one. Remaining tests also gave substantial (p< 0.05) improvement in plant tallness as compared to 

untreated one that was 30.8 and 15.5% higher due to application of 75% WM-EC + 25% CF and 

100% WM respectively, when paralleled with control one.  

In case of bacterial inoculation, highest of said parameter (up to 67.4% over untreated one) 

was obtained by application of 25% WM-EC + 75% CF plus KSB inoculation followed by 50% 

WM-EC + 50% CF and 100% CF treatments along with KSB inoculation (61 and 58% increase 

over control). Next effective treatment was 75% WM-EC + 25% CF that gave increment in plant 

height up to 44.3% when paralleled with control one. While, least increment in above mentioned 

attribute was noted up to 19% because of 100% WM-EC as compared to untreated one treatment. 

Overall, sets with KSB inoculum showed higher plant height in comparison to their corresponding 

uninoculated ones.  

4.5.2 Fresh biomass 

Results about fresh biomass revealed that Highest fresh biomass was produced due to application 

of 100% CF that gave increment in fresh biomass was up to 49% higher than untreated one. Next 

effective treatment was 25% WM-EC + 75% CF that showed change in fresh biomass up to 36% 

more over control followed by treatment 50% WM-EC + 50% CF (up to 14% more over control) 

and the effect of both these treatments was found substantial (p< 0.05) to each other. Application 

of 25% FC and 75% WM-EC caused 7.8% increment in fresh biomass in comparison to control. 

While, minimum increment in fresh biomass was 3.4% due to application of 100% WM and this 

increase was at par with untreated one treatment.  

In case of KSB inoculation, all treatments showed substantial (p< 0.05) results as compared 

to uninoculated control except sole KSB inoculation. Highest fresh biomass (up to 63.3%) 

produced as result of 25% WM-EC + 75% CF plus KSB inoculation followed by treatments (50% 

WM-EC + 50% CF and 100% CF) along with KSB inoculation respectively, showing 44 and 56.7% 

increase over untreated one. Next effective treatment was 75% WM-EC + 25% CF that also 

increased the biomass about 21% over respective control. Least increment in it was observed, 9%, 

by KSB inoculation + 100% WM-EC as compared to untreated one.  

4.5.3 Grain produce 

Results regarding grain produce showed that different combinations of WM-EC and K2SO4 in the 

presence/ or absence of KSB inoculation had shown substantial (p< 0.05) effect on grain produce 

of corn as compared to control (Table 4.5.1). Highest increment in grain produce was noted up to
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Table 4.5.1 Integrated effect of KSB inoculation with different combinations of WM-enriched compost and potassium sulfate 

(K2SO4) on plant height, fresh biomass and grain produce of corn (Zea mays L.) in field conditions 

Treatments 
Plant height (cm) Fresh biomass (t ha-1) Grain produce (t ha-1) 

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 131.0 h 138.7 gh 13.18 i 13.24 i 5.19 i 5.25 i 

100% CF (K2SO4) 198.7 cd 207.0 abc 19.67 c 20.66 b 8.19 c 8.61 b 

75% CF + 25% WM-EC  202.0 bcd 219.3 a 17.94 e 21.52 a 7.47 e 8.97 a 

50% CF + 50% WM-EC 190.0 d 212.0 ab 15.05 g 18.98 d 6.27 g 7.91 d 

25% CF + 75% WM-EC 171.3 e 189.0 d 14.19 h 15.92 f 5.84 h 6.63 f 

100% WM-EC 151.3 fg 155.8 f 13.63 i 14.37 g 5.65 h  6.19 g 

LSD value 13.1 0.526 0.272 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; CF = Chemical fertilizer; WM-EC = Waste mica enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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57.8% as result of 100% CF in comparison to untreated one. Next efficient treatment was 25% 

WM-EC + 75% CF that gave 43.9% higher grain produce and followed by 50% WM-EC + 50% 

CF treatment (20% increase), when paralleled with untreated one. Remaining sets also gave 

substantial (p< 0.05) increment in grain produce that was up to 12.5% higher than respective 

control. While, minimum increase (8.9%) in grain produce was obtained due to provision of 100% 

WM and over untreated one.   

For KSB inoculation, highest increment in grain produce was witnessed up to 72.8% higher 

by application of 25% WM-EC + 75% CF plus KSB inoculation followed by treatment 100% CF 

+ KSB inoculation (65.9%) when paralleled with untreated one. Next influential set was 50% WM-

EC + 50% CF that gave 52.4% more increment in grain produce over respective control treatment. 

Rest of the treatments (75% WM + 25% CF and 100% WM) along with KSB inoculation had also 

exhibited substantial (p< 0.05) increment in grain produce up to 27.7 and 19.3% more over 

untreated one.  

4.5.4 1000-grain weight 

Highest increment in said attribute was observed up to 57.8% because of provision of 100% CF 

and followed by 25% WM-EC + 75% CF and 50% WM-EC + 50% CF treatments (44 and 20.7%) 

respectively, over untreated one (Table 4.5.2). Application of 75% WM + 25% CF also exhibited 

increment in above said attribute up to 12.6% when paralleled with untreated one. Minimum 

increase (up to 5.2%) in 1000-grain weight was recorded due to 100% WM that was at par with 

respective control treatment.  

When these set of amendments were tested with KSB inoculation, all sets showed 

substantial (p< 0.05) increment in above said parameter over untreated one. Highest of it (up to 

72.7% more over control) was obtained by application of 25% WM-EC + 75% CF plus KSB 

inoculation followed by 100% CF and 50% WM-EC + 50% CF with KSB inoculation (52.3 and 

65.8% more over control). Next effective treatment was 75% WM-EC + 25% CF that improved 

said attribute up to 27.8% over respective control. But minimum increment in this parameter was 

recorded up to 20% by 100% WM-EC when paralleled with untreated one. All inoculated sets 

except alone inoculation of KSB showed greater 1000-grain weight when put in contrast with their 

corresponding uninoculated treatments. 

4.5.5 Number of grain per plant 

Results about number of grain per plant showed that Highest number of grain per plant was 
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obtained with application of 100% CF that gave increment in above said attribute was up to 24% 

more when paralleled with untreated one. Next effective treatment (25% WM-EC + 75% CF) had 

shown 17% increment in above discussed parameter over control followed by treatment 50% WM-

EC + 50% CF and 75% WM-EC + 25% CF (9.2 and 5.5%) respectively. While, least increment in 

number of grain per plant was 1.6% due to application of 100% WM and this increase was at par 

with control.  

For KSB sets, highest increment in above discussed parameter was recorded 27.8% more 

due to integrated use of 25% WM-EC + 75% CF with KSB inoculation followed by 100% CF + 

KSB inoculation (25.8% increase) than untreated one. Subsequent effective set was 50% WM-EC 

+ 50% CF that gave 21.9% higher said attribute over respective control. Rest of the treatments 

(75% WM-EC + 25% CF and 100% WM-EC) with KSB inoculation also revealed substantial (p< 

0.05) increment above said parameter that was up to 12.1 and 9.9% more over untreated one. But 

increment in number of grain per plant was witnessed at par in these treatments (100% CF, 25% 

WM-EC + 75% CF + KSB, and 100% CF + KSB).  

4.5.6 Grain weight per plant 

Highest grain weight per plant (57.8% more over control) was recorded due to 100% CF and 

followed by 25% WM-EC + 75% CF treatments (44% increase) when contrasted with untreated 

one. Next efficient set was 50% WM-EC + 50% CF that gave 20.7% higher grain weight per plant 

than control. Rest of the treatment (75% WM-EC + 25% CF) also gave increment in grain weight 

per plant that was up to 12.6% over control. While, minimum increment in grain weight per plant 

(5.18% more over control) was obtained due to application of 100% WM and this increase was at 

par with untreated one treatment.  

These CF and WM-EC combinations showed more promising increment in grain weight 

per plant when tested with KSB inoculation. Highest increment in grain weight per plant was 

recorded 72.6% higher due to application of 25% WM-EC + 75% CF along with KSB inoculation 

followed by 100% CF + KSB inoculation (65.8% more grain weight) over respective control 

treatment. Next effective treatment was 50% WM-EC + 50% CF that produced 52% higher grain 

weight per plant than control. Remaining treatments (75% WM-EC + 25% CF and 100% WM-

EC) along with KSB inoculation also exhibited substantial (p< 0.05) increment in grain weight per 

plant that was 27.8% more than untreated one. While, minimum increment in grain weight per 

plant (up to 20%) was noted as a result of 100% WM-EC + KSB inoculation than control treatment. 
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Table 4.5.2 Integrated effect of KSB inoculation with different combinations of WM-enriched compost and potassium sulfate 

(K2SO4) on 1000-grain weight, number of grain plant-1 and grain weight plant-1 of corn (Zea mays L.) in field conditions 

Treatments 
1000-grain weight (g) Number of grain plant-1 Grain weight plant-1 (g) 

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 63.7 h 64.5 h 341.0 g 343.0 g 63.7 h 64.5 h 

100% CF (K2SO4) 100.5 c 105.6 b 423.3 ab 429.0 a 100.5 c 105.6 b 

75% CF + 25% WM-EC  91.7 d 110.0 a 399.0 c 435.7 a 91.7 d 110.0 a 

50% CF + 50% WM-EC 76.9 f 97.0 c 372.7 de 415.7 c 76.9 f 97.0 c 

25% CF + 75% WM-EC 71.7 g 81.4 e 359.7 ef 382.3 d 71.7 g 81.4 e 

100% WM-EC 67.0 h 76.4 f 348.3 fg 374.7 d 67.0 h 76.4 f 

LSD value 8.46 13.32 4.23 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; CF = Chemical fertilizer; WM-EC = Waste mica enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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4.5.7 Root length  

Root growth is an important parameter to check not only the growth of plant but also the extent of 

nutrient acquisition from soil. The efficiency of KSB and different K amendments for improving 

K-nutrition of corn in terms of root growth was studied under field conditions. Highest increase 

(around 33.3% more over control) in root length was observed as result of 25% WM-EC + 75% 

CF and this increment in root size was found at par with these treatments; 50% WM-EC + 50% 

CF, 100% CF and 75% WM-EC + 25% CF respectively. Rest of the treatment (100% WM-EC) 

also gave substantial (p< 0.05) improvement in root length as compared to untreated one that was 

19.4% more over control treatment.  

More effective results were obtained when these treatments were tested with KSB 

inoculation. Highest of said attribute (up to 55.4% more than control) was attained due to 

application of 50% WM-EC + 50% CF with KSB followed by 25% WM-EC + 75% CF and 75% 

WM-EC + 25% CF treatments along with KSB inoculation. Next effective treatment was 100% 

CF + KSB inoculation that gave 35.6% increment in root size over respective control. While, 

minimum increment in root size was recorded up to 24.4% by 100% WM-EC + KSB when put in 

contrast with untreated one.  

4.5.8 Root fresh weight  

Highest of said attribute was recorded in case of 25% WM-EC + 75% CF treatment that was 26.4% 

more over untreated one and followed by treatments 100% CF, 50% WM-EC + 50% CF and 75% 

WM-EC + 25% CF (23.1, 20.2 and 17.9% increase) respectively. Next effective treatment was 50% 

WM-EC + 50% CF that produced 20.1% more root fresh biomass when paralleled with untreated 

one. While, least (up to 12.7% more) of the said parameter of plant biomass was recorded due to 

100% WM than control. 

For KSB inoculated sets, 50% WM-EC + 50% CF gave highest increment in root fresh 

weight that was recorded 47.5% more than control and followed by treatments 25% WM-EC + 

75% CF and 75% WM-EC + 25% CF + KSB inoculation (43 and 39.8% more over control), 

respectively. Rest of the treatments (i.e. 100% CF and 100% WM-EC) with KSB inoculation also 

showed substantial (p< 0.05) increment in root fresh weight that was up to 29.6 and 22.4% more 

over untreated one.  

4.5.9 Root dry weight  

Results of root dry weight showed that Highest increase (up to 43% over control) in root dry 
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weight was obtained as result of 25% WM-EC + 75% CF, followed by treatments 100% CF, 50% 

WM-EC + 50% CF and 75% WM-EC + 25% CF (39, 36 and 33% increase over control) 

respectively. But effect of these treatments to increase root dried biomass was observed non-

substantial (p< 0.05) to each other. While, minimum increment in root dried biomass was observed 

due to application of 100% WM-EC that was 25% more over control.  

Treatments 25% WM-EC + 75% CF, 50% WM-EC + 50% CF and 75% WM-EC + 25% 

CF when tested with KSB inoculation showed non-substantial to each other. Highest of above said 

attribute was found up to 77% higher by the provision of 50% WM-EC + 50% CF plus KSB 

inoculation as compared to control. Rest of the treatments (100% CF and 100% WM-EC with KSB 

inoculation) also exhibited substantial (p< 0.05) increment in root dried biomass that was up to 

46% more when paralleled with control one. 

4.5.10 Potassium (K) content in shoot 

Results about K content in various plant parts revealed that KSB inoculation with different 

combinations of WM-EC and K2SO4 had shown substantial (p< 0.05) differences on K content in 

shoot, root and grain of corn when put in contrast with control one. Highest increment in above 

said attribute (up to 86.2%) was recorded due to application of 100% CF followed by treatment 

25% WM-EC + 75% CF (70.6% increase) over untreated one. Rest of the treatments with 

decreasing CF amount also gave substantial (p< 0.05) increment in K content in shoot that was up 

to 29.8, 14.6 and 5.4% more than control.  

In the presence of KSB inoculation, Highest K content in shoot (up to 100.6% more over 

control) was obtained by application of 25% WM-EC + 75% CF along with KSB inoculation 

followed by 100% CF and 50% WM-EC + 50% CF treatments plus KSB inoculation (88.8 and 

82.4% more over control). Next effective treatment was 75% WM-EC + 25% CF plus KSB 

inoculation that gave 52.8% more K content in shoot than control. While, minimum increment in 

K content in shoot was noted up to 48.6% as a result of 100% WM-EC as compared to control.  

4.5.11 Potassium (K) content in root 

Highest increase (up to 149.4% more over control) in K content of root was recorded as result of 

100% CF and this increment in K content in root was found expressively (p< 0.05) higher as 

compared to treatments; 25% WM-EC + 75% CF, 50% WM-EC + 50% CF, 75% WM-EC + 25% 

CF and 100% WM (105.8, 32.7 and 13.6% more over control) respectively. Minimum increment 

in K content of root (only 4% increase) was found due to application 100% WM as compared to 
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Table 4.5.3 Integrated effect of KSB inoculation with different combinations of WM-enriched compost and potassium sulfate 

(K2SO4) on root length, root fresh weight and root dry weight of corn (Zea mays L.) in field conditions 

Treatments 
Root length (cm) Root fresh weight (g plant-1) Root dry weight (g plant-1) 

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 30.3 e 31.5 e 57.5 g 59.2 g 10.0 d 10.5 d 

100% CF (K2SO4) 39.3 cd 41.4 bc 70.8 cde 74.5 c 13.9 bc 14.6b 

75% CF + 25% WM-EC  40.4 c 45.7 a 72.7cd 82.2ab 14.3 b 17.1 a 

50% CF + 50% WM-EC 38.4 cd 47.1 a 69.1 def 84.8 a 13.6 bc 17.7 a 

25% CF + 75% WM-EC 37.7 cd 44.7 ab 67.8 ef 80.4 b 13.3 bc 16.8 a 

100% WM-EC 36.2 d 37.7 cd 64.8 f 70.4 cde 12.5 c 14.4 b 

LSD value 4.12 4.34 1.46 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; CF = Chemical fertilizer; WM-EC = Waste mica enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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control treatment.  

More promising results were obtained when these treatments were tested with KSB 

inoculation. Highest K content of root (up to 205.5% more over control) was attained by 25% 

WM-EC + 75% CF with KSB followed by 100% CF (156.1 % more over control) and 50% WM-

EC + 50% CF (119.9% more over control) treatments plus KSB inoculation. Rest of the treatments 

(75% WM-EC + 25% CF and 100% WM) along with bacterial inoculation gave 64.5 and 53.1% 

increment in above said attribute over control one. While, least increment in K content was 

recorded by 100% WM-EC + KSB inoculation over untreated one treatment.  

4.5.12 Potassium (K) content in grain 

Highest K content in grain (56.2% more over control) was recorded by application of 100% CF 

followed by treatment 25% WM-EC + 75% CF (42.9% higher than control). Next efficient 

treatment 50% WM-EC + 50% CF had also shown a substantial (p< 0.05) increment in above said 

attribute that was up to 28.1% in comparison to respective control. Rest of the treatments (25% CF 

+ 75% WM-EC and 100% WM-EC) also increased the K content in grain up to 19.7 and 11.8% 

higher than control. 

In case of KSB inoculation, Highest K content in grain was obtained up to 67.5% higher 

than control by application of 25% WM-EC + 75% CF with KSB inoculation followed by 100% 

CF + KSB and 50% WM-EC + 50% CF + KSB inoculation (62.6 and 56.2% more over control). 

Next effective treatment was 75% WM-EC + 25% CF + KSB inoculation that gave 30.5% more 

K content in grain over control. While, minimum increment in K content (up to 25.6%) in grain 

was observed as a result of 100% WM-EC + KSB when paralleled with control. 

4.5.13 Protein content in grain  

The effectiveness of KSB and different K amendments for enhancing said attribute of corn grain 

in terms of grain quality was studied under field conditions. Highest increase (up to 32.4% more 

over control) in protein content in grain was found due to application of 25% WM-EC + 75% CF 

and this increment in protein content in grain was found at par with 100% CF treatment (28.7% 

more over control). Next treatment was 50% CF + 50% WM-EC that gave 18.4% increment in 

protein content in grain followed by 75% WM-EC + 25% CF (9.6% increment) when paralleled 

with untreated one. Minimum protein contents in grain (5.2% more over control) were observed 

due to application of 100% WM-EC.  

More substantial (p<0.05) outcomes were got when these treatments were tested with KSB 
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Table 4.5.4 Integrated effect of KSB inoculation with different combinations of WM-enriched compost and potassium sulfate 

(K2SO4) on potassium contents in shoot, root and grain of corn (Zea mays L.) in field conditions 

Treatments 
Potassium content in shoot  

(mg g-1) 

Potassium content in root  

(mg g-1) 

Potassium content in grain  

(mg g-1) 

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 12.5 g 12.73 g 3.97 f 4.00 f 2.03 f 2.10 ef 

100% CF (K2SO4) 23.27 b 23.60 b  9.90 b 10.17 b 3.17 a 3.30 ab 

75% CF + 25% WM-EC  21.33 c 25.07 a 8.17 c 12.13 a 2.90 bc 3.40 a 

50% CF + 50% WM-EC 16.23 e 22.80 b 5.27 e 8.73 c 2.60 cd 3.17 ab 

25% CF + 75% WM-EC 14.33 f 19.10 d 4.51 f 6.53 d 2.43 def 2.65 cd 

100% WM-EC 13.17 fg  18.57 d 4.13 f 6.08 d 2.27 def 2.55 de 

LSD value 1.19 0.686 0.407 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; CF = Chemical fertilizer; WM-EC = Waste mica enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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Table 4.5.5 Integrated effect of KSB inoculation with different combinations of WM-enriched compost and potassium sulfate 

(K2SO4) on protein content, starch content and oil content of corn (Zea mays L.) in field conditions 

Treatments 
Protein content (mg g-1) Starch content (mg g-1) Oil content (mg g-1) 

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 68.03 e 68.83 e 609.3 h 613.7 gh 36.20 h 36.7 gh 

100% CF (K2SO4) 87.53 b 89.70 ab 652.0 b 654.3 b 42.3 cd  45.0 ab 

75% CF + 25% WM-EC  90.10 ab 92.80 a 658.7 b 675.7 a 44.3 ab 46.0 a 

50% CF + 50% WM-EC 80.57 c 89.70 ab 640.7 cd 649.7 bc 40.9 de 43.8 bc 

25% CF + 75% WM-EC 74.53 d 80.67 c 627.3 ef 636.0 de 38.4 fg 41.2 de 

100% WM-EC 71.57 de 75.00 d 620.7 fg 630.7 e 36.9 gh 40.1 ef  

LSD value 3.72 9.16 1.80 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; CF = Chemical fertilizer; WM-EC = Waste mica enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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inoculation. Highest protein content in grain (up to 36.4% higher over control) was obtained due 

to application of 25% WM-EC + 75% CF with KSB followed by 100% WM-EC and 50% WM-

EC + 50% CF treatments with KSB inoculation (up to 40% increase over control in both cases). 

Next effective treatment was 75% WM + 25% CF + KSB inoculation that gave 18.6% more protein 

content in grain over respective control. While, minimum (up to 10.2%) increment in above said 

attribute was noted with 100% WM-EC + KSB as compared to control treatment.  

4.5.14 Starch content in grain  

Highest (8.1% more over control) starch content in grain was recorded as result of 25% WM-EC 

+ 75% CF and this starch content in grain was found non-substantial (p<0.05) as compared to 

100% CF treatment. Next effective treatment was 50% WM-EC + 50% CF that gave up to 5.2% 

higher starch contents in grain than control. Remaining treatments also increased the starch content 

in grain that ranged from 3 and 1.9% increase upon contrast with control treatment.  

All of the sets showed non-substantial (p<0.05) increment in starch content when tested 

with KSB inoculation except two treatments (25% WM-EC + 75% CF and 100% WM-EC). 

Highest starch content in grain (up to 11% more) was produced by 25% WM-EC + 75% CF with 

KSB making parallel to untreated one treatment. Remaining sets; 100% CF, 50% WM-EC + 50% 

CF and 75% WM-EC + 25% CF also increased the starch content in grain that ranged from 7.4 to 

4.4% when paralleled with respective control. Additionally, effect of sole inoculation with KSB 

was found at par with untreated one treatment.  

4.5.15 Oil content in grain  

Result about oil content in grain showed that Highest increase (up to 22.4% more over control) oil 

content in grain was observed in 25% WM-EC + 75% CF and this increment in oil content was 

expressively (p<0.05) higher as compared other treatments. Next effective treatment was 100% 

CF that gave 16.9% more oil content in grain than control and followed by 50% WM-EC + 50% 

CF treatment (13% more over control). Rest of the treatment also increased the oil content in grain 

up to 6.1% than control one.  

All of the sets had shown substantial (p<0.05) increment in oil content when tested with KSB 

inoculation except treatments with lower or no CF (i.e. 75% WM-EC + 25% CF and 100% CF). 

Highest oil content in grain (up to 27.1% more over control) was obtained due to 25% WM-EC + 

75% CF with KSB and followed by 100% CF + KSB inoculation (16.9 % more over control). Next 

efficient treatment was 50% WM-EC + 50% CF that gave up to 12% increment in oil content over 
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control. Both treatments (75% WM-EC + 25% CF and 100% WM-EC) + KSB inoculation had 

shown non-substantial (p<0.05) increment in oil content to other and substantial (p<0.05) over 

untreated one. While, increment in oil content due to sole inoculation with KSB was found at par 

with untreated one treatment.  

4.5.16 Photosynthetic rate  

Overview of photosynthetic rate revealed that highest photosynthetic rate was observed as a result 

of 100% CF treatment that gave up to 131.6% higher photosynthetic rate followed by 25% WM-

EC + 75% CF treatment (116.5% more) in comparison to untreated one. Rest of the treatments 

(50% WM-EC + 50% CF, 75% WM-EC + 25% CF and 100% WM-EC) had also shown substantial 

increment in photosynthetic rate that was up to 86.5, 63.2 and 30% than respective control. While, 

100% WM-EC treatment gave least increment in photosynthetic rate (up to 30%) higher than 

untreated one.  

More promising results were recorded when all treatments were tested with KSB 

inoculation. Highest photosynthetic rate (up to 164% higher than control) was obtained by 25% 

WM-EC + 75% CF with KSB and this increase was expressively (p<0.05) higher than remaining 

set of amendments. Next efficacious set was 100% CF + KSB inoculation that gave up to 139% 

higher photosynthetic rate than untreated one. Rest of the treatments (50% WM-EC + 50% CF, 

75% WM-EC + 25% CF and 100% WM) with KSB inoculation had shown substantial (p<0.05) 

effect on photosynthetic rate that ranged from 48.9 to 116.5% more than over respective control. 

But increment in photosynthetic rate by sole inoculation with KSB was found at par when 

paralleled with control one. 

4.5.17 Transpiration rate  

Results about transpiration rate depicted that all treatments had shown non-substantial (p< 0.05) 

increment in transpiration rate of corn when tested with and without KSB inoculation. Highest 

increment in transpiration rate of corn (up to 59.7%) was observed by application of 100% CF 

followed by 25% WM-EC + 75% CF treatment (53.1% more) over untreated one. While, treatment 

50% WM-EC + 50% CF increased the transpiration rate (up to 30.1%) of corn expressively (p< 

0.05) than untreated one. Remaining sets (75% WM-EC + 25% CF and 100% WM-EC) also 

increased the transpiration rate of corn that was up to 23.8% more than control. 

In the presence of KSB inoculation, highest transpiration rate (up to 62.3% more over control) 

was recorded due to 100% CF + KSB inoculation and followed by 25% WM-EC + 75%CF plus
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Table 4.5.6 Integrated effect of KSB inoculation with different combinations of WM-enriched compost and potassium sulfate 

(K2SO4) on photosynthetic rate, transpiration rate and WUE of corn (Zea mays L.) in field conditions 

Treatments 
Photosynthetic rate  

(µmol m-2 s-1) 

Transpiration rate  

(mmol m-2 s-1) 

WUE  

(µmol CO2 mmol-1 H2O)  

-KSB +KSB -KSB +KSB -KSB +KSB 

Control 13.3 g 14.4 g 3.82 e 3.84 e 3.49 d 3.77 cd 

100% CF (K2SO4) 30.8 bc 31.8 b 6.10 a 6.20 a 5.05 ab 5.14 ab 

75% CF + 25% WM-EC  28.8 c 35.1 a 5.85ab 6.10 a 4.94 ab 5.75 a 

50% CF + 50% WM-EC 24.8 d 28.8 c 4.97 bc 5.13 bc 4.99 ab 5.63 a 

25% CF + 75% WM-EC 21.7 e 26.1 d 4.73 cd 5.07 bc 4.62 bc 5.17 ab 

100% WM-EC 17.3 f 19.8 e 4.07 de 4.30 cde 4.24 cd 4.62 bc 

LSD value 2.34 0.891 0.930 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; CF = Chemical fertilizer; WM-EC = Waste mica enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 

WUE = Water use efficiency 
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KSB inoculation while effect of both treatments was found non-substantial (p< 0.05). Rest of the 

treatments had shown non-substantial (p< 0.05) change in transpiration rate among each other. 

While, least increment in transpiration rate was witnessed up to 12.6% as a result of 100% WM-

EC and this increase was at par with untreated one.  

4.5.18 Water use efficiency (WUE)  

Overview of WUE showed that Highest WUE was observed because of 100% CF treatment that 

gave up to 44.7% more WUE in comparison to untreated one and followed by 50% WM-EC + 

50% CF treatment showing 43% increment in WUE over control. Rest of the treatments (25% 

WM-EC + 75% CF, 75% WM-EC + 25% CF and 100% WM-EC) had also shown substantial (p< 

0.05) increase (41.5, 32.4 and 21.5% respectively) in WUE over respective control.  While, 100% 

WM-EC treatment gave slightest increment in WUE (up to 21.5% higher) over control.  

More promising results were recorded when all treatments were tested with KSB 

inoculation. Highest WUE (up to 64.7% higher than control) was obtained by 25% WM-EC + 75% 

CF with KSB and this increase was expressively (p<0.05) higher than remaining set of 

amendments. Subsequent efficacious set was 50% WM-EC + 50% CF + KSB inoculation that 

gave up to 61.3% higher WUE than untreated one. Rest of the treatments (100% CF, 75% WM-

EC + 25% CF and 100% WM-EC) with KSB inoculation had shown substantial (p<0.05) effect 

on WUE that ranged from 48.1 to 32.4% more than respective control. But increment in WUE by 

sole inoculation with KSB was found at par with untreated one.  

4.5.19 Total chlorophyll contents 

Data regarding total chlorophyll contents showed that Highest total chlorophyll contents were 

observed because of 25% WM-EC + 75% CF treatment that gave up to 65.7% more total 

chlorophyll contents in comparison to untreated one followed by 100% CF treatment with 63.7% 

increment in total chlorophyll contents over control. Rest of the treatments (50% WM-EC + 50% 

CF and 75% WM-EC + 25% CF) had also shown substantial increment in total chlorophyll 

contents that was up to 40.9 and 29.1% higher than respective control. While, 100% WM-EC 

treatment gave minimum increment in total chlorophyll contents (up to 15.72%) than control.  

More satisfactory results were recorded when all treatments were tested with KSB 

inoculation. Highest total chlorophyll contents (up to 73.1% higher than control) was obtained by 

25% WM-EC + 75% CF with KSB and this increase was expressively (p<0.05) higher than rest of 

the treatments. Next effective treatment was 100% CF + KSB inoculation that gave up to 66.1% 



133 

 

Table 4.5.7 Integrated effect of KSB inoculation with different combinations of WM-

enriched compost and potassium sulfate (K2SO4) on photosynthetic rate, transpiration rate and 

WUE of corn (Zea mays L.) in field conditions 

Treatments 
Total chlorophyll content  

(mg g-1) 

Stomatal conductance 

(mmol m-2 s-1) 

-KSB +KSB -KSB +KSB 

Control 214.3 g 224.7 g 214.3 g 224.7 g 

100% CF (K2SO4) 350.7 bc 356.0 ab 350.7 bc 356.0 ab 

75% CF + 25% WM-EC  355.0 ab 371.0 a 355.0 ab 371.0 a 

50% CF + 50% WM-EC 302.0 d 332.0 c 302.0 d 332.0 c 

25% CF + 75% WM-EC 276.7 e 300.0 d 276.7 e 300.0 d 

100% WM-EC 248.0 f 280.3 ef 248.0 f 280.3 ef 

LSD value 19.38 0.055 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; CF = Chemical fertilizer; WM-EC = Waste 

mica enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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higher total chlorophyll contents than untreated one. Rest of the treatments (50% WM-EC + 50% 

CF, 75% WM-EC + 25% CF and 100% WM) with KSB inoculation had shown substantial 

(p<0.05) outcome of total chlorophyll contents that ranged from 54.9 to 30.8% more than 

respective control. But increment in total chlorophyll contents by sole inoculation with KSB was 

found at par with untreated one.  

4.5.20 Stomatal conductance 

Overview of said attribute showed that highest stomatal conductance was observed because of 

100% CF application that gave up to 105.9% more stomatal conductance in comparison to 

untreated one followed by 25% WM-EC + 75% CF treatment with 76.5% increment in stomatal 

conductance over control. Rest of the treatments (50% WM-EC + 50% CF and 75% WM- EC + 

25% CF) had also shown substantial increment in stomatal conductance that was up to 52.9 and 

29.4% higher than respective control. While, 100% WM-EC treatment gave minimum increment 

in stomatal conductance (up to 17.6%) than control.  

More satisfactory results were recorded when all treatments were tested with KSB 

inoculation. Highest stomatal conductance (up to 129.4% higher than control) was obtained by 

25% WM-EC + 75% CF with KSB and this increase was expressively (p<0.05) higher than 

remaining set of amendments. Subsequent efficacious set was 100% CF + KSB inoculation that 

gave up to 105.9% higher stomatal conductance than untreated one. Rest of the treatments (50% 

WM-EC + 50% CF, 75% WM-EC + 25% CF and 100% WM-EC) with KSB inoculation had 

shown substantial (p<0.05) effect on stomatal conductance that ranged from 94.1 to 41.1% more 

than respective control. But increment in stomatal conductance by sole inoculation with KSB was 

found at par with untreated one. 

4.5.21 Post harvest analysis of rhizosphere and bulk soil for water (H2O) extractable K 

Results about H2O extractable K showed that Highest H2O extractable K in rhizosphere soil was 

observed by application of 100% CF that gave up to 46.6% higher H2O extractable K in 

rhizosphere soil followed by 25% WM-EC + 75% CF treatment with 35.5% increment in H2O 

extractable K in rhizosphere soil over untreated one. Rest of the treatments (50% WM-EC + 50% 

CF and 75% WM-EC + 25% CF) had also shown substantial increment in H2O extractable K in 

rhizosphere soil that was recorded up to 27.4 and 22.2% respectively, over control. While, 100% 

WM-EC treatment gave minimum increment in H2O extractable K in rhizosphere soil (up to 5%) 

than control.  
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More effective results were recorded when all treatments were tested with KSB 

inoculation. Highest H2O extractable K in rhizosphere soil (up to 59% more over control) was 

obtained by 25% WM-EC + 75% CF with KSB followed by 75% CF with KSB treatment. While, 

both treatments showed expressively (p<0.05) higher increase than rest of the treatments. Rest of 

the treatments (50% WM-EC + 50% CF, 75% WM-EC + 25% CF and 100% WM-EC) along with 

KSB inoculation had shown substantial (p<0.05) effect on H2O extractable K in rhizosphere soil 

that ranged from 19.2 to 38.5% more than untreated one. But increment in H2O extractable K in 

rhizosphere soil by sole inoculation with KSB was found parallel to untreated one. 

In case of bulk soil analysis, Highest H2O extractable K was found in 100% CF treatment 

that gave 37% more H2O extractable K in bulk soil than untreated one, followed by 25% WM-EC 

+ 75% CF treatment (up to 31% higher over control). Other sets (50% WM-EC + 50% CF and 

75% WM-EC + 25% CF) had also shown expressively (p<0.05) higher H2O extractable K in bulk 

soil that was up to 21.8% more over control. Slightest increment in H2O extractable K in bulk soil 

was 5.3% as a result of 100% WM-EC as compared to control.  

More promising increment in H2O extractable K in bulk soil was observed when all 

treatments were tested with KSB inoculation. Highest H2O extractable K in bulk soil (up to 53.5% 

higher over control) was obtained by 25% WM-EC + 75% CF with KSB inoculation and this 

increase was expressively (p<0.05) higher than rest of the treatments except 100% CF + KSB. 

Other treatments (50% WM-EC + 50% CF and 75% WM-EC + 25% CF) with KSB inoculation 

also gave substantial (p<0.05) increment in H2O extractable K in bulk soil that was 32.7% more 

than control. Minimum increase (up to 22.1% more over control) of H2O extractable K in bulk soil 

recorded in 100% WM-EC + KSB inoculation that was at par with 75% WM-EC + 25% CF 

treatment. Application of sole KSB inoculation also gave non-substantial (p<0.05) increment in 

H2O extractable K in bulk soil compared to control. 

4.5.23 Post harvest analysis of rhizosphere and bulk soil for exchangeable K 

All treatments showed substantial (p<0.05) increment in exchangeable K in rhizosphere soil when 

tested alone as well as in the presence of KSB inoculation (Table 4.5.8). Highest exchangeable K 

in rhizosphere soil (up to 32.3% higher over control) was obtained by application of 100% CF 

followed by 25% WM-EC + 75% CF treatment. Rest of the treatments (50% WM-EC + 50% CF 

and 75% WM-EC + 25% CF) had also shown substantial (p<0.05) increment in exchangeable K 

in rhizosphere soil that was 24.9 and 21.1% higher respectively, than control. Least increment in 
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Table 4.5.8 Integrated effect of KSB inoculation with different combinations of WM-enriched compost and potassium sulfate 

(K2SO4) on different soil K pools in rhizosphere and bulk soil of corn (Zea mays L.) in field conditions 

Treatments H2O Extractable K (mg kg-1 soil) Exchangeable K (mg kg-1 soil) NH4OAc Extractable K (mg kg-1 soil) 

Rhizosphere soil Bulk soil Rhizosphere soil Bulk soil Rhizosphere soil Bulk soil 

-KSB +KSB -KSB +KSB -KSB +KSB -KSB +KSB -KSB +KSB -KSB +KSB 

Control 59.5f 60.1f 54.2f 55.1f 146.0g 150.0g 124.3g 125.0g 237.0h 238.3h 185.3g 186.7g 

100% CF (K2SO4) 87.2b 92.6a 74.2b 80.0a 193.1b 205.4a 157.6bc 161.4ab 280.2c 298.0b 231.8c 241.4b 

75% CF + 25% WM-EC  80.6c 94.6a 70.9bc 83.2a 189.3b 210.7a 154.2cd 165.9a 269.9d 305.3a 225.2d 249.1a 

50% CF + 50% WM-EC 75.8d 82.4c 66.0d 71.9b 182.4cd 188.0bc 146.4e 151.5d 258.2e 270.4d 212.4e 223.4d 

25% CF + 75% WM-EC 72.7de 76.27d 62.1e 68cd 176.8de 182cd 136.4f 142.2e 249.5f 258.27e 198.5f 210.2e 

100% WM-EC 62.5f 70.9e 57.1f 66.2d 156.7f 174.4e 128.4g 135.6f 242.7g 251.3 f 189.7g 197.8f 

LSD value 3.61 3.30 6.25 4.82 3.99 4.41 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; CF = Chemical fertilizer; WM-EC = Waste mica enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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exchangeable K in rhizosphere soil was recorded up to 7.3% due to application of 100% WM-EC 

treatment than control.  

More interesting results were recorded when all treatments were tested with KSB 

inoculation. Highest exchangeable K in rhizosphere soil (up to 44.3% higher than control) was 

obtained by 25% WM-EC + 75% CF with KSB treatment. Next effective treatment was 100% CF 

+ KSB inoculation that gave 41% higher exchangeable K in rhizosphere soil than untreated one. 

Rest of the treatments (50% WM-EC + 50% CF, 75% WM-EC + 25% CF and 100% WM-EC) 

with KSB inoculation had also shown substantial (p<0.05) increment in exchangeable K in 

rhizosphere soil that ranged from 19.5 to 29% greater when paralleled with control one. Increment 

in exchangeable K concentration in rhizosphere soil by sole KSB inoculation KSB was found at 

par with untreated one. 

In case of bulk soil, all treatments exhibited substantial (p<0.05) increment in exchangeable 

K concentration in soil. Highest of this attribute in bulk soil was found due to application of 100% 

CF that gave up to 27% more exchangeable K in bulk soil followed by 25% WM-EC + 75% CF 

treatment with 24.1% increment in exchangeable K in bulk soil over control. Rest of the treatments 

(50% WM-EC + 50% CF and 75% WM-EC + 25% CF) had also shown substantial increment in 

exchangeable K in bulk soil that ranged from 9.7 to 17.8% more than control. While, 100% WM-

EC treatment gave minimum exchangeable K in bulk soil that was up to 3.3% higher than control.  

All treatments revealed more effective results when tested with KSB inoculation. Highest 

exchangeable K in bulk soil (up to 33.5% over control) was obtained by 25% WM-EC + 75% CF 

with KSB and this increase was expressively (p<0.05) higher than rest of the treatments except 

100% CF + KSB. Other remaining treatments (50% WM-EC + 50% CF, 75% WM-EC + 25% CF 

and 100% WM) with KSB inoculation gave substantial (p<0.05) change in exchangeable K 

concentration of bulk soil that ranged from 11.3 to 27.2% more than untreated one. But 

effectiveness of sole KSB inoculation was found at par with control.  

4.5.25 Post harvest analysis of rhizosphere and bulk soil for NH4OAc extractable K 

Data regarding NH4OAc extractable K showed that Highest NH4OAc extractable K in rhizosphere 

soil was obtained by 100% CF application that gave 19% more NH4OAc extractable K in 

rhizosphere soil followed by 25% WM-EC + 75% CF treatment with 13.2% increment in NH4OAc 

extractable K in rhizosphere soil over untreated one. Rest of the treatments (50% WM-EC + 50% 

CF and 75% WM-EC + 25% CF) also gave substantial increment in NH4OAc extractable K in 
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rhizosphere soil that was ranging 12.5 to 21.2% higher than control. Minimum increment in 

NH4OAc extractable K in rhizosphere soil (up to 2.4%) was observed as a result of 100% WM-

EC over untreated one.  

More promising results were recorded these treatments were tested with KSB inoculation. 

In this case, Highest NH4OAc extractable K in rhizosphere soil (up to 28.8% more over control) 

was obtained by 25% WM-EC + 75% CF + KSB inoculation and this increase was expressively 

(p<0.05) higher than all treatments. Next effective treatment was 100% CF + KSB inoculation that 

gave 26% higher NH4OAc extractable K in rhizosphere soil than untreated one. Rest of the 

treatments (50% WM-EC + 50% CF, 75% WM-EC + 25% CF and 100% WM-EC) with KSB 

inoculation also showed substantial (p<0.05) increment in NH4OAc extractable K in rhizosphere 

soil that ranged from 6 to 14% more than control. Application of sole KSB inoculation had also 

shown substantial increment in NH4OAc extractable K in rhizosphere soil when paralleled with 

untreated one. 

Result about NH4OAc extractable K concentration in bulk soil showed that Highest 

NH4OAc extractable K in bulk soil was found in treatment 100% CF that was 25% more NH4OAc 

extractable K in bulk soil followed by 25% WM-EC + 75% CF treatment with 21.5% increment 

in NH4OAc extractable K in bulk soil over control. Rest of the treatments (50% WM-EC + 50% 

CF and 75% WM-EC + 25% CF) also increased expressively (p<0.05) NH4OAc extractable K in 

bulk soil that ranged from 7.0 to 15% higher than control. But 100% WM-EC treatment gave 

minimum increment in NH4OAc extractable K in bulk soil (up to 2.4%) higher when these are 

paralleled with the control ones.  

More promising increase in NH4OAc extractable K in bulk soil was recorded when all the 

set of amendments were tested with KSB inoculation. Highest NH4OAc extractable K in bulk soil 

(up to 34.4% higher than control) was obtained by 25% WM-EC + 75% CF with KSB inoculation 

and this increase was expressively (p<0.05) higher than remaining set of amendments. Subsequent 

efficacious set was 100% CF + KSB inoculation that showed 30.3% more NH4OAc extractable K 

in bulk soil than untreated one. All other treatments (50% WM-EC + 50% CF, 75% WM-EC + 

25% CF and 100% WM-EC) with KSB inoculation also exhibited substantial (p<0.05) effect on 

NH4OAc extractable K in bulk soil that ranged from 6.7 to 20.6% more when these set of 

amendments were put in contrast with control one. Application of sole KSB inoculation also 

expressively (p<0.05) increased the NH4OAc extractable K in bulk soil than untreated one. 
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4.5.27 Dehydrogenase activity  

Results about dehydrogenase activity revealed that KSB inoculation with different combinations 

of WM-EC and K2SO4 had shown substantial (p< 0.05) effect on dehydrogenase activity as 

compared to control (Table 4.5.9). Among uninoculated treatments, Highest dehydrogenase 

activity (up to 22.4%) was recorded due to application of 100% WM-EC followed by treatment 

75% WM-EC + 25% CF that also gave up to 18% higher dehydrogenase activity compared to 

control. Treatments (50% WM-EC + 50% CF and 25% WM-EC + 75% CF) also increased the 

dehydrogenase activity expressively (p< 0.05) that was up to 15% more than control. Minimum 

change in dehydrogenase activity was observed due to 100% CF treatment that showed 6.1% 

increment in dehydrogenase activity over control.  

More satisfactory results regarding soil dehydrogenase activity obtained when these 

treatments were tested with KSB inoculation. In the presence of KSB inoculated treatments, 

Highest dehydrogenase activity (up to 73.5% more over control) was observed by 100% WM-EC 

treatment. Next effective treatments were 50% WM-EC + 50% CF and 75% WM-EC + 25% CF 

along with KSB inoculation that gave up to 71% more dehydrogenase activity than untreated one. 

Treatment 25% WM-EC + 75% CF with KSB inoculation also showed 55% increment in DHA 

that was expressively (p< 0.05) than control. Minimum increment in DHA was obtained up to 

7.4% as a result of 100% CF + KSB inoculation that was found at par with untreated one.  

4.5.28 Soil β-glucosidase activity 

Results regarding soil β-glucosidase activity showed that all treatments without KSB inoculation 

gave expressively (p< 0.05 higher soil β-glucosidase activity than untreated one except 100% CF 

treatment. Highest increment in soil β-glucosidase activity (up to 158.2% more over control) was 

obtained by application of 100% WM-EC followed by 75% WM-EC + 25% CF (up to 138.1% 

increase) over untreated one. Next effective treatments were found 50% WM-EC + 50% CF and 

25% WM-EC + 75% CF) also gave substantial (p< 0.05) higher soil β-glucosidase activity that 

was 98.7 and 65.2% higher than control. Application of 100% CF showed minimum soil β-

glucosidase activity that was statistically non-substantial (p< 0.05) wen these are paralleled with 

control.  

In the presence of KSB inoculation, Highest soil β-glucosidase activity (up to 558.6% more 

over control) was observed due to application of 100% WM-EC + KSB followed by treatments 

75% WM-EC + 25% CF and 50% WM-EC + 50% CF that also gave up to 547.5 and 539.8% 
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higher β-glucosidase activity as compared to untreated one while, effectiveness of these treatments 

were found at part to each other. Next treatment (25% WM-EC + 75% CF with KSB inoculation) 

also showed expressively higher (up to 402% more over control) soil β-glucosidase activity 

compared to untreated one. Application of 100% CF with KSB inoculation exhibited minimum 

soil β-glucosidase activity that was 233.2% higher than control. In case of sole application of KSB 

inoculation had also shown higher soil β-glucosidase activity (59.8% more) when put in 

comparison with untreated.  

4.5.29 Total organic carbon (TOC) 

Highest total organic – C in soil was (up to 11.4% more over control) was recorded due to 

application of 100% WM-EC followed by treatments 75% WM-EC + 25% CF, 50% WM-EC + 

50% CF and 25% WM-EC + 75% CF that gave total organic – C in soil up to 10.3, 7.9 and 6.5% 

higher TOC respectively, over untreated one but effect of these treatments was found non- 

substantial (p< 0.05) among each other. Application of 100% CF showed statistically non-

substantial (p< 0.05) results as compared to untreated one.  

In the presence of KSB inoculation, Highest total organic – C in soil was recorded 25.5 % 

higher TOC by the application of 100% WM-EC + KSB followed by 75% WM-EC + 25% CF that 

gave 23.6% higher TOC as compared to control. Next effective treatment was 50% WM-EC + 

50% CF that showed expressively (p< 0.05) higher TOC in soil (up to 17% more) over untreated 

one. Treatment with relatively low quantity of WM-EC (25% WM-EC + 75% CF) also gave 9% 

higher TOC than control. Both treatments (100% CF + KSB and sole KSB) exhibited non-

substantial increment in soil TOC as compared to untreated one.  

4.5.30 Dissolved organic carbon (DOC)  

As like to TOC, similar effect of treatments was found on dissolved organic – C (DOC). Highest 

DOC in soil was recorded 64.4% more because of 100% WM-EC followed by 75% WM-EC + 

25% CF treatment (50% higher) over untreated one. Other treatments with composted organic 

matter (50% WM-EC + 50% CF and 25% WM-EC + 75% CF) also gave substantial (p< 0.05) 

increment in soil DOC that was up to 36.8 and 21.6% increment in DOC content in soil 

respectively, over control. Application of 100% CF showed only 2.2% increase that was 

statistically non-substantial (p< 0.05) as compared to control.  All sets showed promising effect 

on soil DOC when are tested with KSB inoculation. Highest DOC in soil (up to 289% more over 
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Table 4.5.9 Integrated effect of KSB inoculation with different combinations of WM-enriched compost and potassium sulfate 

(K2SO4) on different soil enzymatic activities and carbon pools in soil of corn (Zea mays L.) in field conditions 

Treatments Dehydrogenase activity 

(µg TPF g-1 soil h-1) 

β-Glucosidase activity 

(µg TPF g-1 soil h-1) 

Total organic C 

(g kg-1 soil) 

Dissolved organic C 

(mg kg-1 soil) 

-KSB +KSB -KSB +KSB -KSB +KSB -KSB +KSB 

Control 14.7 g 15.8 efg  2.44 g 3.90 f 5.42 e 5.51 de 49.5 g 70.9 g 

100% CF (K2SO4) 15.6 fg 17.6 cd 2.49 g 8.13 c 5.46 e 5.45 e 50.5 g 81.4 g 

75% CF + 25% WM-EC  16.3 def 22.8 b  4.03 f 12.25 b 5.77 cd 5.91 c 60.2 f 118.9 c 

50% CF + 50% WM-EC 16.9 cdef  25.0 a 4.85 ef 15.61 a 5.85 c 6.34 b 67.7 e 143.6 b 

25% CF + 75% WM-EC 17.3 cde  25.1 a 5.81 de 15.80 a 5.98 c 6.70 a 74.2 d 169.0 a 

100% WM-EC 18.0 c  25.5 a 6.30 d 16.07 a 6.04 c 6.80 a 81.4 c 192.6 a 

LSD value 1.48 1.13 0.286 5.44 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; CF = Chemical fertilizer; WM-EC = Waste mica enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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control) was observed by application of 100% WM-EC + KSB inoculation followed by 75% WM-

EC + 25% CF treatment that gave 241.4% higher DOC content when paralleled with untreated 

one. Succeeding set was 50% WM-EC + 50% CF with KSB inoculation that gave 190% higher 

results compared to control treatment. Treatment having low quantity of WM-EC (25% WM-

EC + 75% CF) showed only 140.2% higher soil DOC that was expressively higher than respective 

control. Rest of the treatments (sole KSB inoculation and 100% CF + KSB) showed minimum 

increment in soil DOC that was at par with untreated one treatment. 

4.5.31 Microbial biomass carbon (MBC) 

Results about MBC in soil revealed that KSB inoculation with different combinations of WM-EC 

and K2SO4 had shown substantial (p< 0.05) differences on MBC in soil when paralleled with 

untreated one. Highest (up to 27% higher over control) MBC in soil was recorded by 100% WM-

EC followed by treatment 75% WM-EC + 25% CF that gave 25.3% increment in MBC in soil 

over untreated one. Rest of the treatments (50% WM-EC + 50% CF and 25% WM-EC + 75% CF) 

also increased the MBC content in soil expressively (p< 0.05) that ranged from 9.3 to 17.2% higher 

over control. Minimum increment in MBC was witnessed due to 100% CF when these are 

paralleled with untreated one.  

In the presence of KSB inoculated treatments, Highest MBC in soil (up to 60% more over 

control) was observed by 100% WM-EC followed by 75% WM-EC + 25% CF and 50% WM-EC 

+ 50% CF that was ranging 38.2 to 51% increment in MBC in soil as compared to control. Next 

effective treatment (25% WM-EC + 75% CF) that showed 29% increment in MBC in soil over 

control. Application of 100% CF + KSB inoculation gave minimum increment in soil MBC up to 

8% higher compared to control. 

4.5.32 K-solubilizing bacterial population 

Results about KSB population in soil revealed that KSB inoculation with different combinations 

of WM-EC and K2SO4 had shown substantial (p< 0.05) differences on KSB population in soil as 

compared to control (Table 4.5.10). Highest increment in KSB population in soil (up to 45%) was 

recorded as a result of 100% WM-EC followed by treatment 75% WM-EC + 25% CF (43.4% 

more) over untreated one. Rest of the treatments with composted organic matter (50% WM-EC + 

50% CF and 25% WM-EC + 75% CF) also gave substantial (p< 0.05) increment in KSB population 

in soil that was ranging from 15 to 40% more than the control. Application of 100% CF alone  
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Table 4.5.10 Integrated effect of KSB inoculation with different combinations of WM-

enriched compost and potassium sulfate (K2SO4) on microbial biomass carbon and KSB 

population in soil of corn (Zea mays L.) in field conditions 

Treatments 
Microbial biomass C 

(mg kg-1 soil) 

Microbial population 

(log CFU g-1 soil) 

-KSB +KSB -KSB +KSB 

Control 237.3 g 253.7 f 237.3 g 253.7 f 

100% CF (K2SO4) 240.3 g 256.0 f 240.3 g 256.0 f 

75% CF + 25% WM-EC  259.3 f 305.7 d 259.3 f 305.7 d 

50% CF + 50% WM-EC 279.7 e 328.0 c 279.7 e 328.0 c 

25% CF + 75% WM-EC 297.3 d 358.3 b 297.3 d 358.3 b 

100% WM-EC 301.0 d 379.3 a 301.0 d 379.3 a 

LSD value 10.55 0.426 

KSB: K-solubilizing bacteria; Control = Non-amended, Non-inoculated; CF = Chemical fertilizer; WM-EC = Waste 

mica enriched compost.  
-KSB = Without inoculation (K-solubilizing bacteria)  

+KSB = With inoculation (K-solubilizing bacteria) 
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showed only 6.5% increase over control that was statistically non-substantial (p< 0.05) with 

untreated one.  

In the presence of KSB inoculated treatments, Highest KSB population in soil (up to 64% 

more over control) was observed by treatment 100% WM-EC + KSB inoculation followed by 75% 

WM-EC + 25% CF and 50% WM-EC + 50% CF that showed increase up to 53% in KSB 

population in soil as compared to control. Treatment 25% WM-EC + 75% CF showed only 26% 

increment in KSB population in soil that was expressively (p< 0.05) inferior than all set of 

amendments except control and 100% CF + KSB inoculation. Rest of the treatments (KSB 

inoculation and 100% CF + KSB inoculation) gave slightest increment in microbial population 

which was around 7.5% greater than untreated one. 
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DISCUSSION 

Balanced nutrient application ensures better plant growth and development. Application of 

nitrogenous and phosphatic fertilizers is a common practice in most of the agro-climatic zones of 

Pakistan as well as other parts of south Asia. But potassium (K) application is partly or entirely 

ignored considering sufficient K present naturally in soils having micaceous or potassium rich 

minerals. Progressively growing modern agricultural techniques and cultivation of high yielding 

crop varieties have depleted available soil K reserves especially in areas where K fertilization was 

completely or partly omitted. Increasing K fertilizer prices also posed a major restraint to K 

fertilizer use for farmers with small land holding and conventional approaches of agriculture. 

Deficiency of plant available K in soil and its affiliated threats for crop production become more 

terrible when high K demanding crops like maize, sugarcane, potato etc. are sharing the crop 

rotation.  

Environmental risks associated with the use of chemical fertilizers demand eco-friendly 

nutrition approach for crop production. Use of biofertilizers is seeking attention in modern day 

agriculture to ensure sustainability of limited natural resources for future of this globe. Application 

of rock K for crop production is becoming popular because of their safer use than soluble fertilizers 

but crop K requirements cannot be fulfilled leading to compromised crop yield and quality due to 

slow release of K from these raw amendments (Sindhu et al., 2012).  Therefore, direct application 

of rock K materials may not be agronomically feasible but environmentally safer and economically 

more appropriate than K fertilizers (Rajan et al., 1996).  

A variety of soil microbes associated with biogeochemical cycling of K in soil are potent 

to release plant available K from different kinds of K-bearing minerals. Bacteria involved in 

solubilization of K-bearing minerals by producing and releasing different organic acids and 

exopolysaccharides (EPS) are regarded as K-solubilizing bacteria (KSB). Bioaugmentation of K-

bearing minerals like mica with efficient KSB can release plant available K in soil solution 

especially when these are provided with composted organic matter (OM). Use of composted OM 

enriched with K-bearing minerals (mica) along with KSB inoculation can provide a persistent 

supply of K to plants. This technique can be used alone as well as nutritional partner of K fertilizers 

for different crops depending upon the extent of crop K requirements. Furthermore, application of 

composted OM can also improve soil health, physico-chemical and biochemical properties of soil 
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in arid and semi-arid regions like Pakistan which are characterized by low soil organic matter. 

Current study was aimed to focus on isolation, screening, characterization and 

identification of an efficient KSB strains and testing the K solubilization and growth promotion 

potential of KSB along with different soluble (K2SO4), raw K (soil K and WM) and composted K 

(WM-EC and K2SO4-EC) sources under pot and field conditions. Furthermore, amounts of K2SO4 

and WM-EC as a K source were also optimized for sustainable and economical production of 

maize under field conditions. 

5.1 Isolation, screening, characterization, identification and optimization of growth 

conditions for K-solubilizing rhizobacteria  

5.1.1 Isolation of efficient K-solubilizing rhizobacteria isolates  

Soil microbial population and diversity is confined with a variety of soil and climatic factors which 

may be natural or anthropogenic in origin. Arid or semi-arid climatic conditions featured with low 

precipitation, high evapotranspiration and elevated temperature, lead to lower soil organic matter 

and water scarcity; ultimately resulting in lower microbial population and narrower diversity in 

soil. Higher microbial population and morphological diversity were observed in the rhizosphere 

soil samples collected from maize fields along the banks of river Chenab and Ravi. This may be 

because of higher organic matter content, profound moisture content, less agrochemical usage and 

absence of extensive tillage practices. Oliveira and Margis (2015) reported higher microbial 

diversity and population along the banks as well as in water of Sinos river, Brazil and claimed the 

river water as a source of microbial diversity for agricultural lands. Our findings also confirmed 

the results of Sancos et al. (2012) about higher bacterial population and sequence divergence in 

soils along the banks of Negro and Solimoes rivers which decreased on moving away from the 

rivers.  

Rhizosphere soil samples, collected from core and non-core maize growing areas of 

Punjab, showed separate colonies on modified Aleksandrov’s medium up to 10-4 to 10-6 dilutions, 

which is the clear indicator of lower soil microbial population (KSB). Lower morphological 

variety was observed among KSB isolates on Aleksandrov’s medium plates presenting narrower 

KSB diversity in concerned soil samples. These findings were supported by many other 

researchers who concluded with similar results. Mukhatr et al. (2016) found cultivable bacterial 

populations ranged from 47 x 107 to 150 x 107 belonging to few genera on general growth medium 
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from 10-7 to 10-3 dilutions of rhizosphere soil samples of different agricultural soils of Punjab, 

Pakistan.  Likewise, bacterial population up to 106 to 108 CFU g-1 of soil was observed by Tahir et 

al. (2015) from 10-5 to 10-3 dilutions of rhizosphere soil samples from Faisalabad region, Punjab, 

Pakistan, practicing wheat-cotton rotation. Diversity of microbial population was also reported 

narrow in this study which further confirmed our findings regarding KSB population and diversity 

in soils of Punjab province of Pakistan.  

Preliminary, one hundred and eight (108) well grown and morphologically distinct colonies 

from all rhizosphere soil samples were purified which were selected on the basis of colony growth 

on Aleksandrov’s medium spiked with waste mica (WM) as a K source. Mica was used as K source 

for the reason that majority of the Pakistani soils of Indus basin origin are developed from 

micaceous parent material (Ahmed and Amin, 1986) and its degradation is easy among all the K-

bearing minerals (Tandan and Sekhon, 1988). Many other researchers also confirmed the 

degradation of mica by KSB (Aleksandrov et al., 1967; Li, 1994; Mikhailouskaya and Tcherhysh, 

2005; Hu et al., 2006; Sugumaran and Janarthanam, 2007; Zeng et al., 2012). Congruently, B. 

mucilaginosus isolated from rhizosphere soil found to be involved in degradation of silicate clay 

minerals and released K for plant uptake (Liu, 2001). K-solubilizing bacterial strains belonging to 

Bacillus and Pseudomonas categories exhibited higher K solubilization potential than B. 

mucilaginosus documented in previous study (Hu et al., 2006).  

5.1.2 Screening of potassium (K) solubilizing bacterial isolates 

Potassium (K) solubilizing bacteria isolated were initially selected for further studies based on halo 

zone size on modified Aleksandrov’s medium plates after 96 hours of incubation. Resultantly, 36 

out of 108 isolates showed maximum growth on modified Aleksandrov’s medium, twenty nine 

(29) isolates produced halo zone of >2mm size while, seven (7) isolates produced halo zone of 

>3mm size. Parmar and Sindhu (2013) observed halo zone of up to 2mm size after four days of 

incubation by Pseudomonas and Bacillus sp. isolated from rhizosphere soil of Haryana, India. 

Similar findings after five days of incubation were reported by Patel and Desai (2015) about K 

solubilizing bacteria isolated from rice rhizosphere. 

Out of 36 isolates, only 4 KSB isolates showed maximum K solubilization potential (>40 

mg L-1) from modified Aleksandrov’s medium spiked with WM. Maximum K-solubilization (49.8 

mg L-1) was shown by KSB1 (identified as Klebsiella oxytoca strain 1374) while, other effective 

strains (identified as Klebsiella oxytoca 1102, Ensifer adhaerens and Arthrobacter spp.) showed 
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K-solubilization of 42.2, 41.7 and 43.1 mg L-1, respectively from WM in modified Aleksandrov’s 

broth after 72 hours of incubation. K-solubilizing bacteria inoculated Aleksandrov’s medium 

spiked with WM as a K source, when incubated for 7 days, released up to 41.5 mg L-1 of K (Parmar 

and Sindhu, 2013). Many other researchers studied K solubilization in nutrient broth as well as in 

soil and correlated solubilization of K minerals with production and release of organic acids and 

EPS by KSB. Chen et al. (2007) detected monohydroxamate siderophores and organic acids in 

Aleksandrov’s broth released by Arthrobacter spp. and B. megaterium known to have K 

solubilization potential. Hutchens et al. (2003) studied K, Fe and Si release from biotite, muscovite 

and acid leached soil by KSB inoculation and confirmed release of siderophores and different 

organic acids. Biogeocycling of nutrients and mineral break down eventually leading to nutrient 

acquisition by plant roots was studied by Jones et al. (2003) in relations to release of organic acids 

because of KSB inoculation. Sheng et al. (2006) linked K solubilization from feldspar and illite 

minerals with secretion of exopolysaccharides (EPS) by KSB strains. Setiawati and Mutmainnah 

(2016) comprehensively studied the release of K from soil minerals and quantified the release of 

different aliphatic and aromatic acids accompanying solubilization of K by KSB.  

5.1.3 General biochemical and molecular characterization of K-solubilizing bacterial isolates 

Selected KSB isolates were further subjected to general characterization for shape, color, motility, 

sporulation, gram staining, halotolerance, plant growth promotions traits and utilization of 

different carbon sources. All the selected KSB isolates were rod shaped. Bacterial strains KSB1 

and KSB2 (later, both identified as Klesiella oxytoca) were yellowish in color, non-motile, non-

sporulated, gram negative and halotolerant. These strains were positive in amylase production, 

cellulase production, K-solubilization, P-solubilization and N-fixation and, could utilize different 

C sources by growing on modified Aleksandrov’s media where glucose was replaced with 

arabinose, cellulose, citrate, galactose, sucrose and xylose. Our findings second the results of 

Celloto et al. (2012); Zheng et al. (2014); Al-Mijalli (2014) and Trivedi et al. (2015), who 

meticulously studied general and biochemical characterization of K. oxytoca and concluded with 

findings like our results.  Bacterial strains KSB3 and KSB4 were off-white in color, motile, 

sporulated, gram positive and unable to show halotolerance. These strains were unable to show 

cellulase production, catalase production, cellulose utilization and were positive in protease 

production while rest of the biochemical characters were similar as for K. oxytoca. General and 

biochemical characterization of E. adhaerens and Arthrobacter spp. studied by Willems et al. 
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(2003); Aislabie et al. (2005); Liu et al. (2006); Li et al. (2008); Youssef et al. (2010); Rudder et 

al. (2014) and Xu et al. (2014) and reinforced our findings. 

Among all selected KSB strains, KSB1 presented excellent performance regarding plant 

growth promotion activities by showing ACC-deaminase activity (324.6 α-KB μmol g-1 protein h-

1), chitinase activity (42.4 µmol of Glc NAc min-1 mg-1 protein), exopolysaccharides production 

(84.6 µg mL-1), IAA production (103.4 mg L-1), K-solubilizing activity (47.3 mg L-1), P-

solubilizing activity (116.8 mg L-1) and siderophores production (54.3%). Rest of the selected 

strains were comparatively scanty for these growth promotion activities (Table 4.5). A variety of 

plant physiological mechanisms are associated with IAA at molecular (pigment and metabolite 

synthesis), cellular (division and differentiation) and organ (germination, development of root, 

xylem and minor root architecture) level. Involvement of IAA in maintaining plant physiology 

under various kind of environmental stresses is well documented (Davies, 1995; Crozier et al., 

200; Tsavkelova et al., 2006; Kai et al., 2009). Checking the production of ethylene through its 

precursor utilization by ACC-deaminase is a vital trait associated with many of the PGPR and can 

pose a sympathetic role for K deficient plants (Penrose and Glick, 2003; Arshad et al., 2008).   

Involvement of KSB strains in IAA production and ACC-deaminase activity is reported by many 

researchers (Kumar et al., 2012; Ahemad and Kibret, 2014; Al-Mijalli, 2014; Patel and Desai, 

2015) which may be additionally beneficial for plants under K deficiency stress. Many other 

researchers (Kumar et al., 2010; Benedozi et al., 2012; Sangeeth et al., 2012) documented the 

chitinase activity, EPS and siderophores production concomitant with different KSB strains 

belonging to Bacillus, Klebsiella, Pseudomonas and other categories of PGPR, eventually ensuing 

to P and K-solubilization from insoluble soil fractions.  

Molecular characterization of selected KSB isolates unveiled their evolutionary lineage 

and were identified as K. oxytoca 1374, K. oxytoca 1102, E. adhaerens and Arthrobacter spp. 

Ahmed et al. (2013) isolated different groups of PGPR from maize rhizosphere showing K 

solubilization and other plant growth promotion traits and phylogenetic analysis identified those 

strains as Bacillus, Klebsiella and Pseudomonas. Involvement of PGPR strains in K solubilization 

and other plant growth promotion activities was also reported by many other researchers (Sheng, 

2005; Liu et al., 2012; Zhang and Kong, 2014; Verma et al., 2015) and these strains were identified 

as Klebsiella through16S rRNA gene analysis. Numerous other reports are documented about the 

involvement of Ensifer and Arthrobacter spp. in K solubilization and plant growth promotion 
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(Artursson et al., 2005; Belimov et al., 2005; Chen et al., 2007; Bharadwaj et al., 2008; Shrivastava 

et al., 2010; Keshavarz et al. 2013; Zarjani et al., 2013; Meena et al., 2014).  

5.1.4 Optimization of growth condition for K-solubilizing bacteria 

Optimization of conditions for maximum growth of Klebsiella oxytoca 1374 strain (used as KSB 

inoculant) and its K-solubilizing activity resulted in glucose as the best C source if it is provided 

at 25 ºC by maintaining 7.0 pH of growth medium. Parmar and Sindhu (2013) studied the effect 

of different growth conditions on K solubilization potential of KSB strains and concluded with 

neutral range of pH at 25 ºC while, using glucose as a C source. Zakaria (2009) also studied the 

growth and K-solubilization efficacy of different KSB strains by maintaining different 

temperatures and pH of growth medium and his study ended up with similar findings as of Parmar 

and Sindhu (2013) but with wider range of temperature (25-32 ºC) and pH (6.0-8.0). Noticeable K 

solubilizing activity of some KSB strains was also reported at relatively higher temperatures up to 

42 ºC but maximum activity was detected at temperature range of 25 to 30 ºC (Sheng et al., 2008). 

All the researchers equally agreed on glucose as a best C source for maximum activity of almost 

all KSB strains studied in numerous experiments (Kim et al., 1998; Sheng, 2005; Wu et al., 2005; 

Sheng et al., 2008; Parmar and Sindhu, 2013). K. oxytoca 1374 strain could show minute K 

solubilization potential at 25 ºC temperature and 7.0 pH when using cellulose as a C source. 

Although minute but utilization of cellulose as a C source could be an extraordinary trait of any 

PGPR strain to perform better under actual soil conditions. 

5.2 Efficacy of K-solubilizing bacteria for improving K-nutrition of maize grown with 

different K sources under natural conditions 

5.2.1 Effects on growth, yield and K nutrition of maize 

In this study, treatment K2SO4-EC S+ KSB inoculation showed maximum growth and yield of 

maize followed by uninoculated treatment of same K source (K2SO4-EC). Results of growth and 

yield attributes were significantly (p≤ 0.05) lower in case of WM-EC treatment (both without and 

with inoculation) while, application of WM showed non-significant (p≤ 0.05) increase in growth 

and yield components. Similar trend of root growth was also observed except for non-significant 

difference between WM-EC and recommended dose of K2SO4 (CF) treatment in case of root fresh 

weight, while WM-EC was superior over recommended dose of CF treatment in producing root 

dry weight. This can be linked with ACC-deaminase activity which could improve root growth 
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and modify root architecture (Arshad et al., 2008; Shahzad et al., 2010). Higher maize growth and 

yield associated with composted treatments was probably due to K-solubilization from WM by 

KSB having sufficient supply of available C and N for microbial growth and activity. Adequate K 

availability could streamline to plant physiological processes and photosynthates translocation to 

sink (Mengel and Kirkby, 1987; Marschner, 1995; Valmorbida and Boaro, 2007). Inoculation with 

KSB remained less effective in non-composted treatments conferring insufficient organic matter 

in soil for appropriate microbial activity. Higher growth, yield and biomass production of maize 

were reported by Abou-el-Seoud and Abdel-Megeed (2012) on account of KSB inoculation along 

with insoluble source of K. Improved growth and yield of maize was noticed when inoculated with 

consortium of A. chroococcum, B. mucilaginosus and Rhizobium spp. and supplemented with K-

bearing raw minerals (Singh et al., 2010). Better root architecture, higher maize yield and growth 

were also narrated by Wu et al. (2005). Inoculation with KSB strain Bacillus subtilis and other 

PGPR along with organic amendments boosted maize growth 4-7% and enhanced maize yield 

(Leaungvutiviroj et al., 2010) when insoluble K minerals were added as a K supplement.    

Uptake of K by plant can be expounded in terms of K concentration in different plant 

tissues. Application of K2SO4-EC (both +KSB and -KSB) gave maximum K content in various 

plant parts followed by K2SO4 treatment (both +KSB and -KSB) but results were significantly (p≤ 

0.05) lower in case WM-EC treatment. Control and WM groups remained lowest and non-

significant (p≤ 0.05) with each other while, decrease in K content of root affected more crucially. 

It is highly very likely because plants preferably allocated supplied K to shoot tissues because of 

its more critical role and higher claim in shoot (Wolf, 1982; Askegaard et al., 2004; Lack et al., 

2005; Oborn et al., 2005; Pettigrew et al., 2005; Verma et al., 2015). Shifting of K from root to 

shoot or older to younger parts in case of K deficiency was reported by Pettigrew, (2008) which is 

possibly due to diffusion process facilitated by ionosphere’s positioned at plasma membrane. 

Application of composted OM in case of K2SO4 and WM enrichment gave higher K content in 

root than treatments without compost and these results can be supported by similar findings of 

Iqbal et al. (2016) and Pereira et al. (2015). Compost application and KSB inoculation couldn’t 

cause significant (p≤ 0.05) increase in grain K content. Sugumaran and Janarthanam (2007) 

claimed increase in tissue K content due to inoculation of B. mucilaginosus as compared to 

uninoculated control. Supanjani et al. (2006) showed the result of his study that supplementation 

of P and K rocks increased 13-15% K availability of K owing to KSB inoculation.  
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5.2.2 Effects on grain quality parameters of maize  

Grain quality parameters (protein, starch and oil contents) were also observed maximum by 

application of K2SO4-EC + KSB inoculation followed by its uninoculated combination and 

inoculated K2SO4. All grain quality parameters in case of uninoculated K2SO4 were found at par 

to the inoculated WM-EC followed by uninoculated WM-EC. Control and WM groups persisted 

at lowest rank in grain quality parameters and continued to show non-significant (p≤ 0.05) effect 

with each other. Oil content in grain remained least affected by inoculation and compost 

application. Although control and WM were observed significantly (p≤ 0.05) lower than all other 

amendments in this regard. Usherwood (1985) narrated the involvement of K in grain quality 

parameters and found higher carbohydrate, protein and oil contents with increasing availability of 

K to maize. Yang et al. (2004) also reported in the increase of protein and amino acids in grain of 

well K fertilized plants as compared to control. Application of rock K supplemented inoculum of 

B. mucillaginosus (Singh et al., 2010) increased maize grain quality over control. Sheng and He 

(2006) also gave concurring opinion about grain quality parameters with the application of rock K 

and B. edaphicus inoculation. Increase in protein content can be correlated with facilitation of NO3
- 

uptake because of appropriate K availability (Blevins, 1978; Mengel et al., 1981). In contrast, 

increase in protein contents was more prominent than oil contents as a result of increase in K 

availability was also claimed by some other researchers (Haq and Mallarino, 2005; Seguin and 

Zheng, 2006).  

5.2.3 Effects on physiological parameters of maize plant 

Involvement in gaseous exchange, plant pigments synthesis and photosynthesis is one of the key 

and well-documented roles of K in plant lifecycle (Shehata and El-Khawas, 2003; Skovsen et al., 

2005; Valmorbida and Boaro, 2007). Photosynthetic rate, transpiration rate, WUE and stomatal 

conductance were found higher in case of inoculated treatments of K2SO4-EC, K2SO4 and WM-

EC than their uninoculated ones but K2SO4-EC remained superior in both inoculated and 

uninoculated treatments. Incapacitated physiological parameters were noticed in case of control 

and WM groups. Results of these physiological parameters can also be correlated with chlorophyll 

content which gave similar trends in almost all treatments. Supanjani et al. (2006) studied the effect 

of KSB inoculation on K-bearing minerals and declared better gaseous exchange parameters as 

compared to non-inoculated control. Han and Lee (2005) observed the increase in photosynthetic 

rate of eggplant up to 12% as a results B. mucillaginosus inoculation as a result K uptake from 



153 

 

KSB solubilized minerals. Remarkable increase in physiological, gaseous exchange and 

chlorophyll parameters was reported by many researchers in numerous crops viz. wheat (Parmar, 

2010; Sheng and He, 2006), maize (Singh et al., 2010; Wu et al., 2005), sorghum (Basak and 

Biswas, 2009; Badr et al., 2006), cucumber (Han and Li, 2006), eggplant (Han and Lee, 2005), 

rice (Raj, 2004) and tomato (Lin et al., 2002). 

5.2.4 Effects on antioxidant enzyme activities of maize plant   

Plants show antioxidant enzymes (CAT, SOD and POD) activities to combat with detrimental 

upshots of reactive oxygen species (ROS) produced because of K deficiency stress, like other 

biotic and abiotic stresses (Kafkafi, 1990; Mittler, 2002; Cakmak, 2005). In this study, decrease in 

antioxidant enzyme activities was observed by application K2SO4-EC, K2SO4 and WM-EC but the 

results were more prominent in case of K2SO4-EC application. Inoculation (KSB) along with K 

amendments, especially where composted OM was applied, further decreased the harmful effects 

of K deficiency stress. Ahmad et al. (2016) claimed stress alleviation in maize by the application 

of K fertilizer. Regulation of stomatal passage for gaseous exchange with adequate supply of K 

could avoid the deleterious effects of ROS by hindering their production under K deficiency (Kant 

and Kafkafi, 2002; Egilla et al., 2005; Amtmann et al., 2006; Hernandez et al., 2012; Demidchik, 

2014). Movement of K to guard cells ensures the gaseous regulation and normal photosynthetic 

activity, eventually removing the destructive effects of stress (Kant and Kafkafi, 2002).  

5.2.5 Effects on different K pools in the rhizosphere and bulk soils 

Application of inoculated K2SO4-EC significantly (p≤ 0.05) enhanced different K pools (H2O 

extractable, exchangeable and NH4OAc extractable) as compared to control and other K 

amendments in both rhizosphere as well as bulk soil. Results of uninoculated K2SO4-EC 

application were at par with inoculated K2SO4 for all K pools. Results of uninoculated K2SO4 and 

inoculated WM-EC which were comparable with each other but significantly (p≤ 0.05) higher than 

control and WM groups. Effect of KSB inoculation and compost application for all K pools was 

more prominent in rhizosphere soil than bulk soil. Compost application and KSB inoculation 

showed more promising increase in H2O extractable and exchangeable K pools in rhizosphere soil. 

Maize, being ravenous towards soil nutrients, causes more K depletion in rhizosphere and least K 

(H2O extractable, exchangeable and NH4OAc extractable) concentration corroborating this fact. 

Increase in K concentration in all these soil pools in composted + KSB inoculated treatments was 

likely to be allied with organic acids (Richter and Oh, 2002; Kalinowski et al., 2000; Han and Lee, 
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2005; Lian et al., 2008; Liermann et al., 2005; Prajapati and Modi, 2012) and EPS (Liu et al., 2006; 

Welch and Vandevivere, 2009; Parmar and Sindhu, 2013) secretion by KSB. Post-harvest analysis 

of these K pools corroborated the outcomes of Basak and Biswas (2009) who strongly inspected 

the dynamics of K release from WM. Increased K concentration in exchangeable pool, even after 

its obliteration by H2O extractable pool, was evidently representing the quicker equilibrium 

between non-exchangeable and exchangeable pools that could be established by KSB products 

(organic acids and EPS). It was substantiating the structural break down and release of non-

exchangeable K to exchangeable pool as reported by Hinsinger et al. (1996); Coroneos et al. 

(1996); Barker et al. (1998) and, Basak and Biswas (2009).    

5.2.6 Effects on soil enzyme activities, different C pools and KSB abundance 

Application of composted OM (K2SO4-EC and WM-EC) not only improved soil enzymatic 

activities (dehydrogenase and β-glucosidase) but also enhanced soil organic carbon (TOC, DOC 

and MBC) and KSB count in soil after harvesting of maize crop. Inoculation with KSB further 

amplified the results in composted amendments because of higher decomposition rates of OM and 

progressive microbial activities because of KSB inoculation. Effect of KSB inoculation was not 

prominent in case of treatments without composted OM (control, WM and K2SO4) and was unable 

to produce meaningful results over corresponding uninoculated treatments. These results can be 

linked with the sighting of Curtis and Sloan (2004) regarding OM degradation and mobilization in 

soil environment through mechanism of proton dissolution. Effect of raw nutrient enriched 

compost + PGPR inoculation on soil enzymatic activities, soil organic carbon pools and microbial 

population was resolutely probed by Troufflard et al. 2010; Arif et al. (2016); Shahzad et al. (2017) 

bestowed the analogous aftermaths. Hees et al. (2006) showed a constructive relationship between 

DOC and solubilized K from raw minerals when supplied with KSB inoculated OM.  Barker et al. 

(1998) also articulated the elevated degradation of OM and increase in DOC contents of soil by 

PGPR inoculation. Increase in microbial population through PGPR inoculation and OM addition 

was documented in low OM soils (Ahemed and Kibret, 2014). 

5.3 Optimization of amount K2SO4 and WM-EC coupled with KSB inoculation for K-

nutrition of maize under field conditions 

5.3.1 Effects on growth, yield and K nutrition of maize 

Results of this study showed that among KSB inoculated treatments, maximum increase in growth 
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and yield parameters were observed as a result of 25% WM-EC + 75% CF followed by 100% CF 

and 50% WM-EC + 50% CF treatments, respectively over untreated control. Application of 75% 

WM-EC + 25% CF with KSB inoculation was unable to cause significant (p≤ 0.05) effect on 

growth and yield parameters except root growth as compared to 100% CF, 50% WM-EC + 50% 

CF and 75% WM-EC + 25% CF among uninoculated treatments. Similarly, application of 100% 

WM-EC gave significantly (p≤ 0.05) higher results (with exception of root growth) than control 

but significantly (p≤ 0.05) lower than rest of the treatments. Root growth parameters with 100% 

WM-EC application were comparable with inoculated treatments of 100% CF, 25% WM-EC + 

75% CF and 50% WM-EC + 50% CF. Increase in root growth parameters with compost 

application is likely to be concomitant with collaborative effect of composted OM and ACC-

deaminase activity of KSB which is documented to be engaged in refashioning root growth and 

architecture (Shaharoona et al., 2006; Arshad et al., 2008; Khalid et al., 2009; Shahzad et al., 2010). 

Enhanced growth and yield of maize on applying KSB inoculated WM-EC could be owing to 

production and secretion of organic acids and EPS by KSB to escalate K availability to maize as 

apprised by many researchers (Zeng et al., 2012; Sindhu et al., 2012; Zhang et al., 2013; Archana 

et al., 2013; Subhashini and Kumar, 2014; Zhang and Kong, 2014; Abou-el-Seoud and Abdel-

Mageed, 2016). This availability of K to plant could instigate an enthusiastic photosynthesis, 

zealous gaseous exchange, robust enzymatic activities and rigorous phloem loading, eventually 

heading towards better performance of plant in terms of growth and yield (Dietrich et al., 2003; 

Dolan and Davies, 2004; Moran, 2007; Pettigrew, 2008; Liu et al., 2011; Shanware et al., 2014). 

Inferior maize growth and yield with lower rates of CF application or with composted OM alone 

were observed because these treatments were inept to encounter crop K claims, as narrated by 

several researchers (Abdelhamid et al., 2004; Amujoyegbe et al., 2007; Shui et al., 2007; Haghighi 

et al., 2010; Ondieki et al., 2011; Zamir et al., 2014; Ali et al., 2015). 

Potassium concentration in plant tissues was maximum in case of 25% WM-EC + 75% CF 

followed by 100% CF when these are inoculated with KSB. Results of K concentration in plant 

tissues among rest of the treatments decreased gradually with decrease in CF amount in both 

inoculated and uninoculated groups, dropping to minimum in control. Sirinivasarao et al. (2016) 

observed almost 2 fold increase in K uptake by different maize tissues on increasing 60 kg ha-1 K 

availability in soil solution. Similar findings were also documented for other crops. KSB 

inoculation and application of rock K application also enhanced 74% K uptake of maize plants and 
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29% because of rock K application alone under calcareous soil conditions (Abou-el-Seoud and 

Abdel-Mageed, 2016). Successive increase in tissue K concentration of maize was noticed with 

the application of cattle manure compost with different doses of K chemical fertilizer (Sunaga et 

al., 2015). Maximum maize yield and 74% K recovery was achieved with 87 kg K ha-1 by manure 

compost in this study. Application of vermicompost at different rates with chemical fertilizers for 

sustainable maize nutrition resulted in elevated K concentration in shoot, root and grain (Tejada 

and Benetiz, 2010).  

5.3.2 Effects on grain quality parameters of maize  

Application of 25% WM-EC + 75% CF significantly (p≤ 0.05) enhanced grain quality parameters 

followed by 100% CF over control. Decrease in amount of CF lead to poor results but this decline 

was more prominent in case of protein content than starch and oil contents. Application of 25% 

WM-EC + 75% CF (both +KSB and -KSB), 100% CF (both +KSB and -KSB) and 50% WM-EC 

+ 50% CF + KSB resulted in maximum increase in grain quality over uninoculated control 

followed by uninoculated 50% WM-EC + 50% CF. Further decrease in the amount of CF 

significantly (p≤ 0.05) lowered the grain quality but KSB inoculated treatments with lower CF 

rates performed much better than uninoculated treatments of same groups. Effect of KSB 

inoculation in improving starch content was more prominent than protein and oil contents in maize 

grain. These results can be glimpsed with the finding of Usherwood (1985) about significance of 

K availability in escalating maize grain quality in terms of protein, starch and oil contents. This is 

because K availability to plant elude the accumulation of photosynthates in leaves and relocate 

them to sink tissues by smoothing phloem transport (Ben-Zioni et al., 1970). Improved protein 

content can be inferred with progress of NO3
- uptake and transfer through xylem to sources tissues 

(Ben-Zioni et al., 1971; Mengel et al., 1981). Increase in carbohydrate content of maize grain with 

composted OM confirms the conclusions of Tejada and Benetiz (2010) who got such results with 

the application of vermicompost. Inadequate K availability as a result of lower doses of CF 

application along with compost couldn’t meet remarkable grain quality as reported by other 

researchers (Haghighi et al., 2010; Ondieki et al., 2011; Ali et al., 2015).   

5.3.3 Effects on physiological parameters of maize plant 

In case of physiological parameters of maize plants, no statistical difference of 25% WM-EC + 

75% CF and 100% CF (both +KSB and -KSB) application was observed as compared to their 

uninoculated combinations except for photosynthetic rate where there was significant effect of 
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KSB inoculation (Table 4.5.6 and 4.5.7). Substantial decrease in physiological parameters of plant 

was detected with decrease in CF application rate while this effect was prominent in uninoculated 

treatments while, control treatment remained at lowest rank among all inoculated and uninoculated 

treatments. Qu et al. (2012) reported detrimental effects of K deficiency on concentration and 

efficiency of chlorophyll, eventually leading to lower photosynthesis rate and impaired 

physiology. They also reported the physiological replenishment of K deficient maize plant with 

increase in availability of K. Some other researchers (Ball et al., 1987; Huang et al., 2004) claimed 

distressing electron transport of K deficient maize plants on photosystem-I and II which was 

rationalized on K availability. Similar reports about K deficiency and replenishment were also 

documented by some other researchers about chlorophyll contents (Fridgen and Varco, 2004; 

Srinivasarao et al., 2016), transpiration rate, stomatal conductance and WUE (Huang et al., 2004; 

Li et al., 2011; Kuduyarova et al., 2015)  

5.3.4 Effects on different K pools in the rhizosphere and bulk soils 

Application of KSB inoculated 25% WM-EC + 75% CF and 100% CF significantly (p≤ 0.05) 

changed the K dynamics in rhizosphere as well as in bulk soils and dramatically improved the K 

concentration in different pools (H2O extractable, exchangeable and NH4OAc extractable) as 

compared to control and other combinations of WM-EC and CF. Next effective treatment for 

improving K concentration in these pools was 50% WM-EC + 50% CF with KSB inoculation 

which was comparable with 100% CF without KSB inoculation. A narrower difference of K 

concentration in above mentioned pools was observed in treatments having lower rates of CF 

application as compared to control. Application of 100% CF caused least change in K dynamics 

than control as compared to other treatments. Effect of both compost application and KSB 

inoculation resulted in significant (p≤ 0.05) change in K dynamics which is critically important 

for K availability to plants. Change in K dynamics in soil with application of composted OM + 

KSB inoculation along with CF was likely to be allied with organic acids (Kalinowski et al., 2000; 

Han and Lee, 2005; Liermann et al., 2005; Lian et al., 2008; Prajapati and Modi, 2012) and EPS 

(Liu et al., 2006; Welch and Vandevivere, 2009; Parmar and Sindhu, 2013) secretion by KSB. 

Post-harvest analysis of these K pools corroborated the outcomes of Basak and Biswas (2009) who 

keenly inspected the dynamics of K release from waste mica. Increased K concentration in 

exchangeable pool, even after its obliteration by H2O extractable pool, was obviously representing 

the quicker equilibrium between non-exchangeable and exchangeable pools that could be 
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established by KSB products (organic acids and EPS). It was substantiating the structural break 

down and release of K from non-exchangeable to exchangeable pools as reported by Coroneos et 

al. (1996); Hinsinger et al. (1996); Barker et al. (1998); Basak and Biswas (2009); Maurya et al. 

(2014) and, Subhashini and Kumar (2014).    

5.3.5 Effects on soil enzyme activities, different C pools and KSB abundance 

Soil health parameters viz. soil enzymes activities (DHA and β-GAA), soil organic C pools and 

cultivable KSB population were found to be associated with compost application rate. Minimum 

change in soil health parameters were observed in control and 100% CF treatments and 

progressively enhanced by increasing rate of WM-EC application. Inoculation with KSB improved 

soil heath in all treatments but effects of inoculation was more prominent in treatments having 

higher amount of WM-EC. In a long term study, Hamm et al. (2016) perceived up to 44% change 

in microbial activity, population and diversity, SOC and structural stability of soil as a result of 

persistent addition of composted OM for three years. Abad-Valle et al. (2017) amended soil with 

solid waste compost at different rates and owned 79% upsurge in DHA and 187% increase in β-

GAA of soil with accompanying bonus of nutrient mobility when higher dose of compost was 

applied. They also witnessed betterment in soil organic C pools which endorse retrieval of soil 

physico-chemical and biochemical proficiencies. Tejada and Benetiz (2010) also enumerated post-

harvest soil enzymatic activities and organic C pools on supplying vermicompost for sustainable 

maize production. Almost 100% increase in soil enzymatic activities was reported after application 

compost. Recently, these findings were also substantiated with the application of RP enriched 

compost for maize nutrition (Arif et al., 2016; Shahzad et al., 2017).  

CONCLUSIONS 

 KSB isolated from soils with low doses of applied K-fertilizers or unfertilized soils showed 

more solubilization potential over fertilized ones.   

 Klebsiella oxytoca strain 1374 showed higher potential of K-solubilization, plant growth 

promotion and soil health improvement than rest of the strains. 

 K. oxytoca can expectedly use a variety of C sources as it showed growth in all media 

containing different carbon sources and specifically using cellulose as a C source is more 

promising feature for growth under actual soil conditions. 
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 Optimum conditions of growth medium for maximum K. oxytoca growth and K- 

solubilization are 7 pH at 25 ºC with glucose as a C source. 

 Use of K. oxytoca inoculation + WM-EC, as sole source of K, can significantly improve 

K-nutrition of maize compared to WM application but can’t meet the K-requirement of 

maize and results in lower growth, yield, quality and physiological attributes of maize than 

CF-EC and CF under pot and field conditions. 

 Application of WM-EC+ KSB inoculation can improve soil health in OM deficient soil 

conditions of arid and semi-arid climate. It can also enhance root growth for better nutrient 

and water acquisition.  

 Combination of KSB inoculated 50% WM-EC and 50% CF can significantly improve soil 

health than other treatments and gave non-significant results with CF alone and inoculated 

one in some growth and physiological parameters but gives less grain and biomass yield. 

 Integrated use of CF and WM-EC (75% and 25% respectively) along with KSB inoculation 

can show a promising improvement in growth and yield by fulfilling K-requirements of 

maize than all other combinations in more economical and environment friendly way. 

FUTURE PERSPECTIVES 

• The economic burden of K fertilizer import can be reduced by adopting this economical 

approach. 

• This approach can not only be used for efficient utilization of limited K reserves for 

sustainable K-nutrition but it can also restore soil health additionally.  

• This approach can also be extended for other crops with higher K-requirements like 

sugarcane, sugarbeet, potato etc. in different cropping systems. 

• It can also be included in commercial package of other biofertilizers for N and P. 

• It introduced a new area of future research for agricultural scientists which may open new 

horizons in the advancement of K-biofertilizers in Pakistan. 
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SUMMARY 

Most of the Pakistani soils are deficient in organic matter (OM) owing to low precipitation, 

elevated temperature and low input of OM in Pakistani soils. Traditional nutrient management 

approaches are posing severe decrease in farm yield and compromise to sustainability. 

Inadequately lower nutrient status of soil, discordantly raised costs nutrient inputs and thriving 

claim of agricultural products for food and industry stimulated farmers and scientists to pursue for 

modern, sustainable and economical nutrition approaches. Maize crop contributes 0.35% of total 

agricultural commodity in Pakistan. According to Pakistan Bureau of Statistics 2015-16 maize 

production is declined up to 0.3 thousand tones which is too low to fulfil the current requirements. 

In Pakistan, recent estimates about soil K level in Punjab revealed an average decline of soil K at 

3.0 mg kg-1 annum. It is consequently lessening of K about 60 mg kg-1 of soil has been lost during 

last two decades, considering adequate for plant growth are now nearing the deficiency threshold.  

Therefore, keeping in view all the above mentioned facts, the present study was designed to 

achieve the following objectives; i) Isolation, purification and characterization of efficient K-

solubilizing isolates from rhizosphere ii) Screening the most efficient KSB strains on qualitative 

as well as quantitative basis, iii) Identification of selected KSB strains through standard 

identification techniques, iv) Optimization of growth conditions for selected KSB isolates to 

solubilize K from mica, v) Testing the efficacy of KSB strains for improving K-nutrition of maize 

with different K sources including waste WM-EC and K2SO4-EC under pot and field conditions, 

vi) Optimizing the amount of WM-EC and K2SO4 along with KSB inoculation for sustainable 

production of maize under field conditions. 

 Diversity in population and efficiency of KSB were found varying in soil samples collected 

from different maize growing areas of Punjab, Pakistan, depending upon soil OM, soil 

moisture content, extent of K fertilization and cropping intensity/pattern. Rhizosphere soil 

samples were collected from maize fields along the banks of river Chenab and Ravi were 

more efficient than strains isolated from irrigated and intensive cropping areas of other 

sampling sites. Microbial population and diversity was also higher in these soil samples that 

can be correlated with the fact that these areas are relatively less disturbed by tillage 

practices, less exposure to agrochemicals and have higher OM content. K solubilization 

potential of isolates from soils of Okara and Sahiwal regions was observed lower as 
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compared to isolates as extent of K fertilization and cropping intensity is much higher than 

other sampling regions. Most efficient KSB strains K. oxytoca 1374, K. oxytoca 1102, E. 

adhaerens and Arthrobacter spp. were also isolated from rhizosphere soil samples collected 

from maize fields along the river banks.  

 Preliminary, 108 isolates from all soil samples were purified which were selected on the 

basis of colony growth on specific medium (Aleksandrov’s medium). Out of 108, only 36 

isolates gave better growth on Aleksandrov’s medium spiked with WM as an insoluble 

source of K. But 29 isolates produced halo zone of >2mm size while, 7 isolates produced 

halo zone of >3mm size. Out of 36 isolates, only 4 isolates gave maximum K solubilization 

that was more than 40 mg L-1 from WM enriched Aleksandrov’s medium. Maximum K-

solubilization (49.8 mg L-1) was shown by K. oxytoca 1374, while other effective strains (K. 

oxytoca 1102, E. adhaerens and Arthrobacter spp.) showed K-solubilization 42.2, 41.7 and 

43.1 mg L-1, respectively from waste mica. 

 K-solubilizing bacteria strain K. oxytoca 1374 that was used for inoculation and further 

experimentation on maize, was rod shaped, yellowish in color, negative in motility; positive 

in sporulation, gram staining, halotolerance, amylase production, cellulase production, K-

solubilization, P-solubilization and N-fixation. This strain could utilize different C sources 

by growing on Aleksandrov’s media where glucose was replaced with arabinose, cellulose, 

citrate, galactose, sucrose and xylose. It also presented excellent performance regarding 

plant growth promotion activities by showing ACC-deaminase activity (324.6 α-KB μmol 

g-1 protein h-1), chitinase activity (42.4 µmol of Glc NAc min-1 mg-1 protein), EPS production 

(84.6 µg mL-1), IAA production (103.4 mg L-1), K-solubilizing activity (47.3 mg L-1), P-

solubilizing activity (116.8 mg L-1) and siderophores production (54.3%). Optimization of 

conditions of growth medium for maximum growth of K. oxytoca 1374 and its K-

solubilizing activity resulted in glucose as the best C source if it is provided at 25 ºC by 

maintaining 7.0 pH of growth medium. 

 Efficacy of K. oxytoca 1374 regarding K nutrition of maize was tested by conducting pot 

and field experiments at the wire house and research field in the Institute of Soil and 

Environmental Sciences, University of Agriculture, Faisalabad, Pakistan during 2013-14. 

Maize hybrid (P-1574) spring hybrid was used as an experimental crop and K-nutrition was 

managed by applying different K sources (Soil K, WM, K2SO4, WM-EC and K2SO4-EC) 



162 

 

with and without KSB inoculation. The physico-chemical analysis of the experimental soil, 

WM-EC and K2SO4-EC was carried out in soil fertility laboratory, ISES, UAF. The soil 

analysis revealed that the experimental soil was loamy in texture, slightly alkaline in nature 

and deficient in OM, N, P, and K before sowing the crop. Maize growth, yield, quality, 

physiology, soil fertility and soil health parameters were recorded for all the pot and field 

experiments. The meteorological data for the growing period 2013-14 of the crop were 

collected from the Department of Crop Physiology, UAF. 

 In parallel pot and field experiments, treatment K2SO4-EC + KSB inoculation gave 

maximum increase in yield and yield contributing parameters followed by uninoculated 

treatment of same K source and K2SO4 alone. Results of these attributes were significantly 

(p≤ 0.05) lower in case of WM-EC treatment in both inoculated and uninoculated treatments. 

Application of WM showed non-significant increase in these attributes over control. In case 

of root growth, non-significant difference between WM-EC and K2SO4 treatments was 

observed while, in case of root dry weight WM-EC was superior over K2SO4 treatment.  

 Application of K2SO4-EC (both +KSB and -KSB) gave maximum K content in shoot, root 

and grain followed by K2SO4 alone (both +KSB and -KSB) but results were significantly 

(p≤ 0.05) lower in case of WM-EC treatment. Control and WM treatments remained lowest 

and non-significant with each other. Application of compost with K2SO4 and WM gave 

higher K content in root than treatments without compost. Sole application of compost and 

inoculation couldn’t cause significant increase in grain K contents. 

 Grain quality parameters (protein, starch and oil contents) were also observed maximum by 

application of K2SO4-EC + KSB inoculation followed by K2SO4-EC and inoculated K2SO4 

treatments. All grain quality parameters in case of uninoculated K2SO4 were at par with 

inoculated WM-EC followed by uninoculated WM-EC. Control and WM treatments 

persisted at lowest rank in grain quality parameters and continued to show non-significant 

effect (p≤ 0.05) with each other. Grain oil content remained least affected by inoculation and 

compost application. Photosynthetic rate, transpiration rate, WUE and stomatal conductance 

were found higher in inoculated treatments K2SO4-EC, K2SO4 and WM-EC than their 

uninoculated ones but K2SO4-EC remained superior all treatments. Results of these 

physiological parameters can also be correlated with chlorophyll contents which gave 

similar trends almost in all treatments.  
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 Decrease in antioxidant enzyme activities was observed by application of K2SO4-EC, K2SO4 

and WM-EC while, results were more prominent with K2SO4-EC application. Bacterial 

inoculation along with K amendments especially with composted OM significantly reduced 

the harmful effects of K deficiency. 

 Application of inoculated K2SO4-EC significantly (p≤ 0.05) enhanced different K pools 

(H2O extractable, exchangeable and NH4OAc extractable) as compared to control and other 

K amendments in both rhizosphere and bulk soils. Results of uninoculated K2SO4-EC 

application were found at par with inoculated K2SO4 for all K pools. Results of K2SO4 and 

inoculated WM-EC were comparable to each other but significantly (p≤ 0.05) higher than 

control and WM treatments. Effect of KSB inoculation and compost application for all K 

pools was more prominent in rhizosphere soil than bulk soil. Application of compost and 

KSB inoculation showed more promising increase in H2O extractable and exchangeable K 

pools in rhizosphere soil.  

 Application of composted OM (K2SO4-EC and WM-EC) not only improved soil enzymatic 

activities but also enhanced SOC and KSB count in soil after harvesting maize crop. 

Inoculation with KSB further amplified the results in composted amendments because of 

higher decomposition rates of OM and progressive microbial activities. Effect of KSB 

inoculation was not prominent in case of treatments without composted OM (control, WM 

and K2SO4) and was unable to produce meaningful results over corresponding to 

uninoculated treatments.  

 Another field experiment was also conducted at the research field of ISES, UAF during 

2015, to optimize the amount of K2SO4 and WM-EC for better K-nutrition of maize. Same 

maize cultivar (P-1574 hybrid, Pioneer Ltd., Pakistan) as an experimental crop and inoculant 

(K. oxytoca 1374 strain) were used and K-nutrition was managed by applying various 

combinations (0, 25, 50, 75 and 100%) of K2SO4 and WM-EC. Maize growth, yield, quality, 

physiology, soil fertility and soil health parameters were recorded as like to previous 

experiments.  

 Results revealed that among KSB inoculated treatments, maximum increase in growth 

parameters was recorded as result of 25% WM-EC + 75% CF followed by 100% CF and 

50% WM-EC + 50% CF treatments, respectively over untreated control. Application of 75% 

WM-EC + 25% CF along with KSB inoculation was unable to cause significant (p≤ 0.05) 
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difference for growth parameters compared to 100% CF, 50% WM-EC + 50% CF and 75% 

WM-EC + 25% CF treatments among uninoculated treatments. Similarly, application of 

100% WM-EC showed higher shoot growth than control but significantly (p≤ 0.05) lower 

than rest of the treatments.  

 In the presence of KSB inoculation, yield and yield contributing traits were recorded 

maximum due to application of 25% WM-EC + 75% CF followed by 100% CF and 50% 

WM-EC + 50% CF treatments that were comparable to uninoculated 100% CF and 25% 

WM-EC + 75% CF treatments. Similarly, results of 50% WM-EC + 50% CF with 

inoculation was comparable with uninoculated 75% WM-EC + 25% CF treatment. Likewise, 

preceding trend was observed among KSB inoculated 100% WM-EC and uninoculated 75% 

WM-EC + 25% CF while, uninoculated WM-EC remained least efficient for improving 

yield and yield contributing parameters than treatments having chemical fertilizer in 

combination. 

 Root growth parameters were recorded maximum in all the treatments having KSB 

inoculated WM-EC + CF followed by CF alone. Results of inoculated WM-EC alone were 

at par not only with uninoculated treatments having all combinations of WM-EC and CF but 

also with uninoculated CF alone. Uninoculated WM-EC was unable to improve significant 

(p≤ 0.05) root growth than rest of the treatments except control. 

 Potassium concentration in plant tissues was maximum in treatment 25% WM-EC + 75% 

CF followed by 100% CF when these are inoculated with KSB. Results of K concentration 

in plant tissues among rest of the treatments decreased gradually with decrease in CF amount 

in both inoculated and uninoculated groups, dropping to minimum in control group. 

 Application of 25% WM-EC + 75% CF significantly (p≤ 0.05) improved the grain quality 

parameters followed by 100% CF. Decrease in the amount of CF lead to lower results but 

this decline was more prominent in case of protein content than  starch and oil contents. 

Increase in the availability of K to plants significantly (p≤ 0.05) improved plant 

physiological parameters due to application of inoculated 25% WM-EC + 75% CF over 

100% K2SO4. Increase in WM-EC and decrease in CF rate resulted in impaired physiological 

parameters of maize and poor results were observed in control treatment. Overall, inoculated 

treatments performed better than inoculated treatments regarding plant physiological 

parameters (p≤ 0.05).  
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 These treatments 25% WM-EC + 75% CF and 100% CF (without and with KSB) and 50% 

WM-EC + 50% CF + KSB resulted in maximum increase in grain quality parameters over 

uninoculated control followed by 50% WM-EC + 50% CF. Further decrease in the amount 

of CF significantly (p≤ 0.05) lowered the grain quality parameters but KSB inoculated 

treatments with lower CF rates performed much better than uninoculated treatments of same 

groups. Effect of inoculation was more prominent for improving starch content than protein 

and oil content.  

 Application of these treatments 25% WM-EC + 75% CF and 100% CF (both +KSB and -

KSB) was observed non-significance difference on plant physiological traits compared to 

their uninoculated combinations except for photosynthetic rate where there was significant 

effect of KSB inoculation. Substantial decrease in physiological traits of plant was recorded 

with decrease in CF rate while this effect was more prominent in uninoculated treatments.  

 Application of KSB inoculated 25% WM-EC + 75% CF and 100% CF significantly (p≤ 

0.05) changed the K dynamics in the rhizosphere as well as in bulk soils and expressively 

improved the K concentration in different pools as compared to control. Next effective 

treatment for improving K concentration in these pools was inoculated 50% WM-EC + 50% 

CF which was comparable to 100% CF. A narrower difference of K concentration in above 

mentioned pools was noticed in those treatments having lower rates of CF than control. 

Application of 100% CF caused poor change in K dynamics than control as compared to 

other treatments. Integrated effect of compost and KSB inoculation resulted in momentous 

change in K dynamics which is critically important for K availability to plants.  

 Soil health viz. soil enzyme activities, SOC pools and cultivable KSB population were found 

to be associated with compost application rate. Minimum soil health was observed in control 

and 100% CF treatments and progressively increased with increase in WM-EC application 

rate. K-solubilizing bacterial inoculation improved soil heath in all treatments but 

effectiveness of inoculation was more prominent in treatments having higher amount of 

WM-EC.  
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