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Abstract 

 

Potassium (K) plays a critical function in the production of maize because it is essential to several physiological and 

biochemical processes that increase crop resilience and yield. A pot experiment on impact of biochar coated K on maize 

production was conducted in research area of university of Sargodha. The experiment was conducted in triplicate and 

comprised of 11 treatments. T1= control, T2= KCI @ 50 kg ha-1, T3 = K2SO4 @ 50 kg ha-1, T4 = KCI @ 50 kg ha-1 + 1 % 

BCM, T5 = KCI @ 50 kg ha-1 + 2 % BCM, T6 = K2SO4 @ 50 kg ha-1 + 1 % BCM, T7= K2SO4 @ 50 kg ha-1+ 2 % BCM, T8= 

KCI @ 25 kg ha-1 + 1 % BCM, T9= KCI @ 25 kg ha-1 + 2 % BCM, T10 = K2SO4 @ 25 kg ha-1 + 1 % BCM, T11= K2SO4 @ 25 

kg ha-1 + 2 % BCM respectively. All treatments were applied two weeks after sowing. Results indicated that maximum K 

concentration was found where K was applied as K2SO4 @ 50 kg ha-1 + 2 % BCM. Thus, the mode of soil application of K had 

beneficial effect on nutritional composition of maize and yield.  
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Introduction 
 

Potassium (K) is considered a vital macronutrient required 

for agricultural output and plant growth. Potassium is 

required for assimilate transfer, enzyme activation, and 

photosynthesis, all of which enhance plant health and 

productivity. It serves as more than just a source of 

nutrients because it is vital to several physiological 

processes that enhance crop quality and output 

(Hasanuzzaman et al., 2018). Potassium influences the 

structural integrity and metabolic processes of seeds by 

facilitating the synthesis of proteins, carbohydrates, and 

cellulose. Furthermore, K considerably improves water use 

efficiency in plants. It is essential for regulating stomatal 

functioning, which influences transpiration and water 

retention. Hence, K helps maintain plant turgor and 

minimizes water loss during abiotic stressors like drought, 

making its regulation especially crucial. It adds to plant 

resilience against pests and diseases by increasing their 

general vigor, which is crucial for sustainable farming 

methods. K accumulation in crops is affected by a variety 

of factors, including soil type, crop variety, and 

management practices. According to studies, potassium is 

frequently the most accumulated macronutrient in many 

crops, followed by nitrogen in terms of uptake (Araujo et 

al., 2024). The use of K fertilizers is still essential in 

agricultural practices. Despite its significance, potassium is 

frequently applied at a lower rate than nitrogen (N) and 

phosphorus (P), which causes nutrient imbalances in soils 

(Han, 2024).  

      Maize (Zea mays L.) is a vital cereal crop globally, 

serving as a staple food, animal feed (Zia et al., 2023; 

Kekere et al., 2024). It acts as raw material in various 

industries due to its high nutritional and economic value 

(Ahmad & Ahmad, 2018; Rubab et al., 2020; Azam et al., 

2023). Maize is highly adaptable to diverse climatic 

conditions, making it a key crop in both temperate and tropical 

regions. It is rich in carbohydrates and provides essential 

nutrients, playing a significant role in global food security 

(Abbas et al., 2025; Abdullah et al., 2025). Potassium is an 

essential macronutrient for maize growth, influencing 

physiological processes such as photosynthesis, enzyme 

activation, and water-use efficiency (Mehmood et al., 2022; 

Jamilah et al., 2024). Recent studies have explored the use of 

biochar-coated potassium fertilizers to enhance nutrient use 

efficiency, reduce leaching losses, and improve soil health 

(Shakeel et al., 2023). The biochar coating acts as a slow-

release mechanism, ensuring a sustained supply of potassium 

throughout the growing season, which can significantly 

improve both yield and the nutritional quality of maize grains 

(Abid & Latif, 2023). Literature indicates that such innovative 

fertilization strategies not only boost crop productivity but also 

contribute to sustainable soil and nutrient management 

practices under varying environmental conditions (Latif & 

Abbas, 2025). 

      To improve K availability and uptake by crops, innovative 

ways have been investigated, such as the use of slow-release 

fertilizers, coated K fertilizers and the use of potassium silicate 

(Bartog et al., 2022). K fertilization in agriculture presents a 

number of difficulties, such as the high solubility of 

conventional K fertilizers, which can result in substantial 

nutrient loss and leaching, especially in soils with low organic 

matter or in areas with heavy rainfall. The extremely soluble 

nature of potassium chloride (KCl), the most widely used 
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potassium fertilizer, allows it to flow quickly across the 

soil profile (Grzebisz et al., 2020). This trait may cause 

leaching, in which potassium is removed from the root 

zone and made unavailable for plant absorption (Nogueira 

et al., 2021). Furthermore, excessive KCl rates can raise 

the electrical conductivity of the soil, which can harm plant 

growth by osmotically stressing the roots and preventing 

them from absorbing nutrients and water (Urrutia et al., 

2018). Alternative methods of fertilization have been 

suggested in order to overcome these difficulties. For 

example, the quick leaching linked to standard potassium 

fertilizers has been investigated using controlled-release 

fertilizers (KCl). Because these fertilizers are made to 

release potassium gradually, they increase nutrient 

availability over time and lower the chance of leaching 

(Licker et al., 2010).  

      The development of coated fertilizer technologies has 

significantly transformed agricultural practices, 

particularly through the introduction of controlled-release 

fertilizers (CRFs). These fertilizers are designed to release 

nutrients gradually over time, which aligns nutrient 

availability with plant uptake requirements. This 

synchronization is crucial for enhancing nutrient use 

efficiency and minimizing environmental impacts 

associated with nutrient leaching and volatilization 

(Ciampitti et al., 2013, Lee at al., 2025). For instance, 

stabilized slow-release nitrogen fertilizers can effectively 

reduce nitrogen losses, primarily through ammonia 

volatilization, while steadily providing nitrogen to plants. 

This gradual release mechanism not only improves nutrient 

availability but also raises questions about the efficiency of 

traditional nitrogen fertilizers that lack such technology. 

Furthermore, the coating materials used in CRFs must 

possess specific characteristics, such as biodegradability 

and appropriate permeability, to ensure that nutrients are 

released in a manner conducive to plant uptake without 

causing significant variations in fertilizer volume 

(Feyissaet al., 2022). 

      The utilization of biochar as a coating material for 

fertilizer granules has garnered significant attention in 

recent agricultural research, primarily due to its potential to 

enhance nutrient release patterns and improve soil health. 

Biochar, a stable carbon-rich product derived from the 

pyrolysis of biomass, has been shown to interact positively 

with various soil components, thereby influencing the 

availability of nutrients to crops (Niu et al., 2021). The 

inclusion of biochar into soil not only improves physical 

qualities but also adds to enhanced soil organic carbon 

levels, which is crucial for maintaining soil health and 

fertility. In agriculture, biochar-coated fertilizers are a 

novel method of managing nutrients. In addition to the 

agronomic benefits, the environmental implications of 

coated fertilizer technologies are significant. The use of 

controlled-release fertilizers can lead to reduced nutrient 

leaching into water bodies, thereby mitigating the risk of 

eutrophication of a major environmental concern associated 

with conventional fertilizer application practices (Anjali et al., 

2025). (Joshi et al., 2020) illustrated that fast-release fertilizers 

while providing immediate nutrient availability, can also lead 

to substantial nutrient leaching, particularly in horticultural 

settings. In contrast, the controlled release offered by CRFs 

allows for a more sustainable approach to nutrient 

management, as it minimizes the potential for nutrient runoff 

and enhances the overall efficiency of fertilizer application 

(Kandil et al., 2020). By applying biochar to potassium 

fertilizers, nutrient leaching can be greatly decreased, 

increasing the effectiveness of nutrient release (Fernandes et 

al., 2018, Ma et al., 2025). By ensuring that nutrients are 

available to plants for a longer length of time, biochar-coated 

fertilizers’ slow-release properties minimize environmental 

effects related to nutrient runoff and decrease the frequency of 

fertilizer applications (Fernandes et al., 2018). Additionally, by 

comprehending the ways in which biochar interacts with soil 

and nutrients, future research and development initiatives 

helping to maximize its application in diverse agricultural 

contexts can be informed. Therefore, a pot study was carried 

out to check the impact of biochar coated K fertilizer on 

growth and yield quality of maize and to screen out the best 

source and optimize the best K levels for growth of hybrid 

maize crop production. 

 

Materials and Methods 
 

A pot experiment was conducted in 2024 at research area, 

College of Agriculture, University of Sargodha, Sargodha, 

Punjab, Pakistan to assess the impact of potassium coated 

fertilizer with biochar on soil organic carbon and maize yield. 

There were 11 treatments replicated thrice using CRD design 

of experiment. Treatments include T1= control, T2= KCI @ 50 

kg ha-1, T3 = K2SO4 @ 50 kg ha-1, T4 = KCI @ 50 kg ha-1 + 1 

% BCM, T5 = KCI @ 50 kg ha-1 + 2 % BCM, T6 = K2SO4 @ 

50 kg ha-1 + 1 % BCM, T7= K2SO4 @ 50 kg ha-1+ 2 % BCM, 

T8= KCI @ 25 kg ha-1 + 1 % BCM, T9= KCI @ 25 kg ha-1 + 2 

% BCM, T10 = K2SO4 @ 25 kg ha-1 + 1 % BCM, T11= K2SO4 

@ 25 kg ha-1 + 2 % BCM respectively. Biochar commercially 

available in the market was used. Pots were filled with soil @ 

10 kg pot-1. Various physio-chemical properties of soil are 

provided in Table 1. Three seeds of maize (pioneer) were sown 

in each pot. After 45 days of germination plants were selected 

for the study to examine the effects of biochar-coated 

potassium and organic carbon on maize crop yield and 

production. Furthermore, weed and plant diseases were 

managed throughout the study using all available agronomic 

methods. Total, a, and b chlorophyll concentrations (SPAD), 

plant fresh and dry biomass (g), plant height (cm), stem 

diameter (mm) were among the physiological parameters that 

were examined after the treatments were administered for 60 

days. Standard techniques were used to determine these 

parameters.
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Table 1 Characteristics of original soil used for study 

Parameter Values 

Saturation percentage (%) 29 

pHs 8.15 

ECe (dS m-1) 1.28 

Bicarbonates (HCO3
-) m mol L-1 4.95 

Chlorides (Cl-1) m mol L-1 4.80 

Sulphates (SO4
2-) m mol L-1 3.05 

Calcium + Magnesium (Ca2++ Mg2+) m mol L-1 4.81 

Sodium (Na+) m mol L-1 7.41 

Sodium adsorption ratio (SAR) (m mol L-1)1/2 4.77 

Texture Sandy clay loam 

Organic matter (%) 0.49 

Calcium carbonates (%) 6.1 

Available phosphorus/ Olsen P (mg kg-1) 8.0 

Soil total P (g kg-1) 1.6 

 

Plant analysis 

 

Physiological parameters during the plant growth period, 

including plant fresh and dry biomass (g), plant height 

(cm), stem diameter (mm) and chlorophyll concentration 

(SPAD) were recorded. Standard methods described in 

handbook 60 of USDA were used to evaluate yield 

contributing attributes such as number of rows per cob, 

number of grains per cob, cob diameter, cob length, 1000 

grain yield, and available K concentration in plant sample. 

For the purpose of study, the following common methods 

used were used to estimate the data for these parameters. 

After harvest plants were packed into polythene bags and 

shifted into lab for further analysis. For measuring plant 

height using simple measuring tape was used to measure 

plant height.  After removing the grains from each cob, 

length (mm) of cob was measured by using Guage and cob 

diameter (mm) was measured by using digital vernier 

caliper having least count value (0.01 mm). The filtrate 

was diluted using distilled water in accordance with the 

specifications for K determination. Method 27a of 

Handbook 60 of U.S Salinity Laboratory Staff (1954) was 

used for K estimation. There were established working 

standards for K. The Sherwood 410 Flame photometer was 

used to measure the values of unknown samples after 

standards were run to create a standard curve and then 

diluted potassium filtrates. K concentration from given 

plant sample was measured and then compared with the 

amount of K fertilizer was applied. After that K use 

efficiency was calculated by using the following formula: 

 

 

K use efficiency =
Shoot dry weight + Root dry weight

 K content in root + shoot
    

 
 

 

 

Statistical analysis 

 

All the data were evaluated using the statistical program 

Statistix 10, and the differences between the treatment means 

were examined using the least significant difference (LSD) test 

at 0.05 P (Steel et al., 1997). 

 

Results and Discussion 
 

Plant height (cm) 

 

K nutrition in terms of different levels and application methods 

had significant (p ≤ 0.05) effect on average plant height of 

maize crop. Although all levels and application methods of K 

increased average plant height of maize crop but highest 

improvement was found with higher level where K was applied 

as K2SO4 @ 50 kg + 2% BCM application with a value of 210 

cm. The shortest plant height was observed in control where no 

K source was applied with recorded value of 150 cm. When 

comparing the individual effect of soil application, greater 

average plant stem was recorded (Fig. 1).  Overall means of 

eleven treatments indicated that average plant available K 

improved by 33.0% with K2SO4 @ 50 kg + 2% BCM, as 

compared to the control.  

 

Number of rows per cob 

 

Overall treatments indicated that average number of cobs 

improved by 20.0 % with K2SO4 @ 50 kg + 2 % BCM, as 

compared to the control. The effect of K nutrition was found 

statistically significant (p ≤ 0.05) with respect to average 

number of cobs of maize crop. Average numbers of rows per 

cob of maize crop increased significantly in all treatments 

compared to control but highest improvement was found with 

higher level in where K was applied as K2SO4 @ 50 kg + 2 % 

BCM application (Fig. 2). 
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           Fig. 1 Plant height (cm) of maize grown in pot experiment by supplying different levels of biochar coated potassium  

 

 

 
      Fig. 2 Number of rows per cob of maize grown in pot experiment by supplying different levels of biochar coated potassium  

 

Numbers of grains per row per cobs  

 

Effect of different K nutrition sources, levels and 

application methods on number of grains per cob is 

depicted in Fig. 3. Data reflected that both K nutrition 

sources had significant (p ≤ 0.05) effect on average number 

of grains of maize crop. Although, all levels and 

application methods of K increased average numbers of 

grains of maize crop but highest improvement was found with 

higher level in where K was applied @ K2SO4 @ 50 kg + 2 % 

BCM application pattern. Regarding the individual effect of 

soil application, greater average numbers of grains per row 

were recorded in case of soil application (Fig. 3).  Overall 

means of eleven treatments indicated that average number of 

grains was improved by 35 with K2SO4 @ 50 kg + 2 % BCM, 

as compared to the control. 
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      Fig. 3 Number of grains per row per cob of maize grown in pot experiment by supplying different levels of biochar coated     

                 potassium  

 

Cob length (cm) 

 

Data regarding average cob length as affected by different 

nutrition sources of potassium with different levels and 

application methods presented in Fig. 4. It was noticed that 

average cob length was improved by 21.0 % with K2SO4 @ 

50 kg + 2 % BCM, as compared to the control. K nutrition 

in terms of different levels and application methods had 

significant (p ≤ 0.05) effect on average cobs length of 

maize crop. All treatments with K nutrition sources 

improved the average cob length compared to control, but 

maximum improvement was obtained where K was applied 

as K2SO4 @ 50 kg + 2 % BCM. When comparing the 

individual effect of soil application, increased average cobs 

length was recorded significantly (Fig. 4). 

 

Plant available K (ppm) 

 

Impact of different sources of potassium (K2SO4 and KCl) 

with and without BCM and at different levels significantly 

affected the average plant available K content. Different 

levels and application methods of all sources of potassium 

had significant (p ≤ 0.05) effect on average plant available K of 

maize crop. Minimum plant available K content was achieved 

in control that was improved by 0.9 % with the application of 

K2SO4 @ 50 kg + 2 % BCM. Comparing sources of potassium, 

sulphate of potash (K2SO4) performed better than muriate of 

potash (KCl) with regard to improvement in plant available K 

content in soil (Fig. 5). 

 

Average shoot K (ppm) 

 

Data pertaining to average potassium concentration in shoot of 

maize as affected by different nutrition sources of potassium 

with different levels and application methods in presented in 

Fig. 6. It was noticed that K nutritional sources applied at 

different levels and application methods had significant (p ≤ 

0.05) effect on average shoot K of maize crop. All sources, 

doses and application methods enhanced the average shoot K 

of maize crop but highest improvement was found with higher 

level where K was applied as K2SO4 @ 50 kg + 2 % BCM 

application.  Highest noted average shoot K was improved by 

1.2 % with the application of K2SO4 @ 50 kg + 2 % BCM, as 

compared to the control. 
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Fig. 4 Average cob length of maize grown in pot experiment by supplying different levels of biochar coated potassium  

 

 

 
Fig. 5 Plant available K of maize grown in pot experiment by supplying different levels of biochar coated potassium  

 

 

 

e de
de

abcd

ab abc

a

bcde cd cde bcde

0.0

5.0

10.0

15.0

20.0

25.0

C
o

b
 l

en
g
th

 (
cm

)

Treatments

e

de
cde

ab
a

ab
a

bcd bcd abc
ab

0.0

0.2

0.4

0.6

0.8

1.0

1.2

A
v
a

il
a

b
le

 K
 c

o
n

te
n

t 
(p

p
m

)

Treatments



Mafia Bashir et al                                                                              Journal of Pure and Applied Agriculture (2025) 10(2): 56-66 

62 

 

 
              Fig. 6 Shoot available K of maize grown in pot experiment by supplying different levels of biochar coated potassium  

 

Average root K (ppm)  

 

Fig. 7 indicated the effect of different sources of potassium 

(K2SO4 and KCl), with and without biochar coating 

applied at different rates (1 and 2 %), on average K content 

of roots in maize. It was found that different levels and 

application methods had significant (p ≤ 0.05) effect on 

average plant available root K of maize crop. All levels and 

application methods of K increased average plant root K of 

maize crop but highest improvement was found with higher 

level in where K was applied as K2SO4 @ 50 kg + 2% BCM 

application. Maximum average root K content was improved 

by 1.1 % in pots receiving K2SO4 @ 50 kg along with 2% 

BCM, as compared to all other treatments indicated the 

superiority of potassium sulphate compared to muriate of 

potash (KCl). 

 

 
Fig. 7 Root available K of maize grown in pot experiment by supplying different levels of biochar coated potassium  
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K use efficiency  

 

Data regarding impact of different sources of potassium 

(K2SO4 and KCl) with and without BC and at different 

levels on K use efficiency is plotted in Fig. 8. It was found 

that all treatments significantly affected the K use 

efficiency. Different levels and application methods of all 

sources of potassium had significant (p ≤ 0.05) effect on K use 

efficiency. K use efficiency was improved by 122.6 % with the 

application of K2SO4 @ 50 kg + 2 % BCM. Comparing sources 

of potassium, sulphate of potash (K2SO4) performed better than 

muriate of potash (KCl) with regard to improvement in K use 

efficiency. 

 

 
Fig. 8 Plant K use efficiency of maize grown in pot experiment by supplying different levels of biochar coated potassium 

 

Discussion 
 

For getting higher maize production, utilization of 

balanced NPK fertilizers in accordance with soil and crop 

demand along with progressive cultural techniques is 

essential. In order to achieve better growth and yield of 

maize, balanced nutrition is crucial. Plant growth and 

development depend on supply of nutrients (including K) 

in balanced forms. Chemical fertilizers application can 

boost crop yield by more than 50 % but there are several 

problems associated with their application like heavy cost, 

low use efficiency and environmental losses (Randhawa & 

Arora, 2000).  Potassium is compulsory for achieving 

higher yields in crops. There is a widespread insufficiency 

of K prevailing in Pakistan now a day. Commercial 

application of K sources (K2SO4 and KCl) is applied to 

overcome this deficiency but due to severe losses these 

sources have low use efficiency. In order to improve plant 

available K content in growth medium, several coating 

agents are being used (Hafeez et al., 2024). One such 

material is biochar. Biochar (BC), a carbon-rich material, 

using pyrolysis in low oxygen conditions, is created from a 

variety of natural waste resources, such as municipal solid 

waste, industrial byproducts, agricultural waste, and forest 

waste (Ponnusamy et al., 2020).  

      By increasing crop yield, the low-cost technology 

product BC increases agricultural economic returns when 

applied to soil. Adding BC to soil enhances soil aeration and 

water retention, which improves the root growth environment 

for plants. Additionally, its porous structure facilitates greater 

drainage and root penetration (Hossain et al., 2020). Because 

of its high cation exchange capacity (CEC), BC increases 

agricultural productivity by reducing nutrient loss, retaining 

critical nutrients in the soil, and making them more available to 

plants. Similarly, BC alters microbial community structures, 

soil enzymatic activities, and most of the physio-chemical 

properties of the soil, all of which contribute to the 

improvement of soil health and quality (Jeffery et al., 2017). It 

has also been demonstrated that combining it with compost 

increases wheat crop production and growth. Furthermore, 

chlorophyll content, chlorophyll fluorescence, and 

photosynthetic activities have significantly boosted in plants 

when BC is combined with inorganic nitrogen fertilizer 

(Bebeley et al., 2021).      

      Results of present study revealed that maize growth (plant 

height, stem diameter, 1000 grain weight) and nutritional value 

in terms of K content (in plant roots and shoots) improved 

substantially when biochar coated K fertilizers were applied. 

Highest plant height, stem diameter, dry biomass, number of 

rows per cob and number of grains per rows were observed in 

pots where potassium sulphate was used 50 kg ha-1 along with 

2 % biochar. Improvement in plant growth parameters could be 

due to application of biochar coated K fertilizers. Such an 

improvement in growth could be due to application of coating 
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of K fertilizers with biochar at higher rates. Similar 

findings were reported by Hafeez at al. (2024) and Rahman 

et al. (2025) reflecting that application of biochar coated K 

fertilizers improved growth and yield of maize.  

      Numerous other studies have demonstrated that biochar 

application either applied alone or in conjunction with 

inorganic fertilizers, can greatly enhance crop growth or 

yield as well as the fertility of the soil (Zhao et al., 2025; 

Rodrigues et al., 2025). Such an improvement in growth 

and yield can be attributed to application of coated K. K, 

which is necessary for the growth and development of 

plants. The transport of photosynthetic products, ion 

balance, osmoregulation, and enzyme activation are only a 

few of the basic physiological functions in which K are 

involved. Crop quality and productivity are determined by 

adequate K supply and efficient K utilization, which also 

increases crop resistance to biotic and abiotic stressors. 

Enzyme stimulation, photosynthesis, osmotic pressure 

regulation, stomata movement, protein synthesis, phloem 

transport, energy transfer, cation-anion balance in soil, and 

enhanced stress resistance are all significantly impacted by 

potassium (Marschner, 2012). To improve K availability 

and uptake by crops, innovative ways have been 

investigated, such as the use of slow-release fertilizers, K 

coated material and use of potassium silicate. Coating of 

biochar on K fertilizer reduced the losses of K thereby 

improved the uptake by maize plants and subsequent K 

content of maize plant (Barłóg et al., 2022).  

 

Conclusion 

 

Based on findings of present study, it can be concluded that 

application of K improved the growth and yield of maize 

regardless of its source, dose and application method. 

However, application of K in form of K2SO4 performed 

better and improved K content in maize plant parts and 

soil. Best results were observed where K was applied @ 

K2SO4 @ 50 kg ha-1 along with 2 % BCM. Thus, biochar 

coated K2SO4 and KCl is better than sole use of these 

fertilizers for maize growth and nutritional status in soil. 

Regarding source, K2SO4 is better source of K than KCl in 

alkaline soil conditions.  
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