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Abstract 
In modern agriculture, potassium (K) is being considered as an indispensable nutrient for sustainable 

crop production. However its use is negligible or minimal in current agricultural practices of Pakistan. 

In view of the significance of K, a field experiment was conducted to evaluate the effects of K-

enriched recycled organic wastes (potassium enriched compost- KEC) for improving yield of hybrid 

maize (Hycorn-11-plus). The KEC was prepared from the market wastes (fruits and vegetables) using 

mechanical composter at Institute of Soil and Environmental Sciences, University of Agriculture, 

Faisalabad, Punjab, and applied @ 300 kg ha-1. The inorganic K treatments were involved 0, 60, 45, 

30, 15 K2O ha-1 in the form of potassium sulphate (K2SO4). The randomized complete block design 

was used. The enrichment of compost with K reduced carbon to nutrient (N, P, K) ratios and 

improved the nutrients content of the compost. The results of field study revealed that integration of 

KEC and inorganic K fertilizer (K2SO4) showed that growth and yield traits of maize (including K 

concentration of maize stover and grain) improved under the combined application of 60 and or 45 kg 

K ha-1 in conjunction with 300 kg KEC improved most of the as against 60 kg ha-1 K alone. The 

overall findings of present study suggested that the use of KEC @ 300 kg with 75% inorganic K 

fertilizer (45 kg K ha-1) improved growth, yield and K concentrations of hybrid maize. 
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Introduction 

Potassium (K) is a key element for the 

enhancing the vigour and it makes plant 

healthy because it plays the active role in 

many plant physiological functions [1]. 

The use of potassium has increased 

quickly due to all around globe required 

for K nutrient 32802 (000) in 2016 might 

be increased up to 35257 (000) by 2019 [2, 

3]. The potash nutrient is costly as 

compared to other essential elements and it 

is very difficult to purchase by farmers in 

our country as well worldwide [4]. The 

large areas of Pakistani soils are suffering 

to deficiency of potassium that can be 

destroyed of Agriculture production [5]. 

The shortage of potassium in Pakistan 20 

kg per hectare in the 1985 year then 
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maximum 26 kg per hectare in the year 

1995. The potassium fertilizer usage is 

very low 0.3 kg ha-1 as the compare to 0.8 

kg ha-1 in worldwide agriculture [6]. 

Moreover failing of potassium in 

Pakistani, soil have been much more in the 

last ten years that is vital in our country 

[7]. Maize (Zea mays L.) is a commonly 

grown grain crop in world and has 

significant important in Pakistan due to 

increasing in population rate and 

diminishing soil resources at an alarming 

rate. In Pakistan, maize crop occupied 3rd 

place after wheat and rice cereal crops. 

The maize was grown on an area of 1,144 

thousand hectares with an average yield of 

4,301 kg ha-1 during 2015-16. 

While the average in Pakistan grain and 

yield of maize is very low as compared to 

other world countries. In this regards, 

potassium nutrient is considered more 

rapidly enhance the growth and 

development of maize [8]. Maize is also 

more potassium 6.9 kg ha-1 per day uptake 

when maize produced 12 tones biomass 

per hectare [9], as well as potassium is 

primary nutrient which can be promoted 

growth and quality of maize [10]. The 

maize plants are might be efficiently 

uptake five kg ha-1 potassium per day 

during the early growth of maize crop. The 

greater potassium accumulated varieties 

which possess more potential to uptake 

potash [11]. So therefore, without the 

optimum quantity of potassium cannot be 

obtained better growth, yield and quality 

parameters of maize crop [12]. The 

organic substance involved and improver 

of soil physical, chemical and biological 

activities and their properties [13, 14]. In 

Pakistan, the bulk of city waste such as 

industrial, market and mill wastes has been 

using for agriculture. These wastes can be 

applied in raw or unrecompensed form for 

plant growth and development [15, 16]. 

Composting is the technique of 

decomposition of waste material such as 

crop residual and industrial waste [17], due 

to the preparation of compost with 

inorganic fertilizers can decrease inorganic 

matter levels [18]. The analyze were 

performed to examine, the advantages of 

potassium, enriched organic fertilizer 

(KEC), made organically from wastes, 

mixed with inorganic K fertilizer for the 

production of maize and sustainability. 

Materials and methods 

Preparation of potassium enriched 

compost 
Market waste (fruit and vegetable organic 

wastes) was collected. The Mechanical 

Composting Unit was used to process 

organic waste material at UAF, Faisalabad, 

Pakistan. It comprised of a crusher/ 

grinder, a fermenter, a granulator and a 

drying cabin [19]. The material air dried, 

sorted and ground, followed by material 

was placed in oven at 70oC for 2-days for 

complete dried for advancing surface area, 

material was crushed (<2 mm size particle 

size) and the fermented in compost having 

vessel of 0.5 ton for developing well 

decomposed compost material. An amount 

of 40 L water/100 kg organic material was 

added to achieve 40% moisture during 

composting process. For providing 

aeration for decomposing process the 

oxygen inlet was made available. The 

aeration was maintained through oxygen 

inlet. The temperature was maintained 

between 30-700C during the process of 

composting which completed in 5 days. 

The 10% of recommended inorganic K 

was mixed for preparing KEC 

Experimental design and treatments 

The experiment involved six treatments 

including control (No-K), 300 kg KEC ha-

1, 60, 45, 30, 15 (kg K) + 300 kg KEC ha-1 

and replicated four times in randomized 

complete block design (RCBD). The plot 

size of each experimental unit was kept 5m 

x 6m = 30 m2. The land was properly 

prepared before planting maize. The 

hybrid maize (Hycorn-11-plus, ICI, 

Pakistan Limited) was used as test crop. 

The seed was soaked before sowing and 

seed was applied at the rate 60 kg ha-1 

through drilling method. The required 

irrigations were applied according to 

recommendations provided by concerned 
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Agriculture Department, Government of 

Sindh. The practices of agronomy were 

carried out during full life cycle of the 

maize crop. The recommended rates of N 

and P were applied. The N was applied @ 

150 kg N ha-1 in urea (N: 46%), whereas P 

was applied @ 75 kg P2O5 ha-1 in 

diammonium phosphate, DAP (P2O5: 46%, 

N: 18%). The SOP (sulphate of potash) 

was supplied as source of K chemical 

fertilizer. At the time of sowing, all P and 

K (according to treatment plans of various 

studies) and 50% of recommended N 

fertilizers were broadcasted. The 

remaining 50% of N dose was applied at 

the time of first irrigation. The dose of K 

enriched organic fertilizer @ 300 kg ha-1 

was applied for each plot.  

Compost material properties 

Soil analysis 

Physical and chemical properties (1) 

texture (2) Electrical Conductivity (EC) 

(3) Soil pH (4) OM (5) K element these all 

parameters were analyzed methods 

followed by [20]. 

Agronomic observations 

Randomly five samples were chosen with 

completed maturity from each treatment 

then averaged, plant height cm, member of 

cobs plant-1 1000 grain weight g, grain 

yield kg ha-1 and stover yield kg ha-1.  

K concentration in grain and stover 

The total K content (%) in maize grain and 

harvest index were determined as 

described by [21]. 

Statistical analysis  

The collected data was tested for examine 

different (ANOVA) technique by using 

computer software Statistix ver.8.1 [22]. 

The honestly significant difference (HSD) 

test applied for mean separations at alpha 

0.05, where P value was significant. 

Results 

Compost material properties 

In raw organic material the C: N ratio 

noted was 27.6 which under conducted the 

composting conditions after 5 days of 

compost process limited to 13.9. Similarly, 

organic material showed 78.2 and 27.0 

ratio of C: P and C: K, and after 

composting decreased to 34.6 and 10.8, 

respectively table 1. The process of 

composting improved nutrient percent of 

organic material. It illustrated 11.8, 4.2 and 

12 g kg-1 content of NPK in raw of waste 

materials in respectively. The respective 

N, P and K contents of organic waste 

material after composting enhanced to 

15.3, 6.2 and 19.5 g kg-1. In the same way 

zinc, iron, manganese and copper and 

content of raw organic waste materials was 

39.5, 485.0, 38.7 and 1.1, mg kg-1 which 

after composting process and increase the 

14.0, 49.8, 54.0 and 630.0 mg kg-1 

respectively. 

Soil analysis 
The outcomes of many of basic soil 

properties table 2, gave hint that texture of 

soil used in experiment was heavy (41% 

clay), pH was alkaline 8.1 and non saline 

the nature EC: 1.6 dS m-1. Consecutively 

the less soil in OM contented 0.161% the 

high extractable K 119 mg kg-1. 

Table 1. Compost material properties 

Name of property 
Before potassium 

enriched composting 

After potassium enriched 

composting 

C to N ratio 27.6 13.9 

C to P ratio 78.2 34.6 

C to K ratio 27.0 10.8 

N Concentration (g kg-1) 11.8 15.3 

P Concentration (g kg-1) 4.2 6.2 

K Concentration (g kg-1) 12.0 19.5 

Cu Concentration (mg kg-1) 1.1 14.0 

Fe Concentration (mg kg -1) 485.0 630.0 

Mn Concentration (mg kg-1) 38.7 54.0 

Zn Concentration (mg kg -1) 39.5 49.8 
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Table 2. Soil properties before experiment 

Soil Property Values 

Soil texture Clayey 

Ph 8.1 

EC (dSm-1) 1.6 

Organic matter (%) 0.61 

Extractable K (mg kg-1) 119 

 

Agronomic observations 

The maximum plant height of maize was 

obtained the combine K nutrients in 300 

Kg KEC along with 60 (196 cm) 45 kg K 

ha-1 (183 cm) and 100%, inorganic K (182 

cm) in respectively figure 1. These 

treatments were similar statistically the 

application of 300 kg KEC in integrate 

with 30 and 15 kg ha-1 lower results in 

plant height of maize i.e (171 and 165 cm) 

as compared to other integrated K fertilizer 

treatments. The lowest plant height was 

observed when the organic K (KEC @ 300 

KG ha-1) was applied (160 cm) like the pot 

field trials also the number of cobs plant-1 

not changed by the organic K and 

combined chemical K fertilizer and 

treatments. Where highest 1000 grain 

maize weight were recorded, for three 

treatment and statistically as same i.e. were 

60 and 45 kg ha-1 with 300 kg KEC (264 g 

and 264 g) alone inorganic K 245 g while 

300 kg KEC with integrate 30 and 15 kg K 

ha-1 the minimum results in 1000 grain 

weight of maize i.e. 242 g, 235 g and 203 

in respectively, The maximum yield of 

grain maize (6600 kg ha-1) where the 60 kg 

K with integration of 300 kg KEC ha-1 and 

(5900 kg ha-1 and 5733 kg ha-1 g) plant-1 

where the maize completely, raising by the 

supply chemicals and K fertilizer @ 60 kg 

ha-1 the (5600 kg ha-1) and similarly 

treatments. However, the yield of grain 

was noted 300 Kg KEC ha-1 was applied, 

without any K fertilizer (3933 kg ha-1). 

Maximum stover yield (8033 kg ha-1 where 

60 the 300 kg KEC ha-1 and followed the 

treatment and where 45 kg K 300 kg KEC 

ha-1 applied (7467 kg ha-1) the maize 

received 60 kg K ha-1 (6933 kg ha-1) the 

lowest stover was recorded the yield of 

maize 300 kg KEC integrate with 30 kg K 

ha-1 and (6800 kg ha-1) the obtained 

supplied of maize with kg KEC ha-1  

Minimum stover yield (5167 kg ha-1  with 

no inorganic K fertilizer figure 1. The 

greater K concentration of the maize stover 

(4.92%) noted as 60 kg K the 300 kg KEC 

ha-1  as followed by 60 kg KEC ha-1  K 

(3.81%) and (3.80%) where the 60 Kg ha-1 

supply the without any organic K fertilizer. 

The lowest K concentration (3.25%) was 

noticed in treatment having only inorganic 

K figure 2. The greatest concentration of K 

in maize grain (2.67% and 2.31%) was 

found where maize received 300 kg KEC 

along 60 and 45 kg K ha-1 respectively. 

The rest of treatments were statistically 

similar and K concentration in grain was 

ranged between 1.69-1.86%. 

Discussion 

Plenty of analytical work has been done by 

using different compost of materials to 

evaluate theirs, impact in enhancing 

growth and yield of many crops [23], 

including alfalfa [24], brassica [25], corn 

[26], rice [27], and tomato [28], in 

different areas of the globe. The changes in 

different parameters and quality of soil or 

nutrient uptake crops in different kinds of 

compost have been discussed [29, 30]. 

Many above raise the contain the different 

tons of compost on a single hectare of the 

land which is not suitable of this reasons, 

such as availability and economics. In 

spite of the fact that materials can be both 

improve the quality and an appropriate 

levels these decrease their rate of 

application and after blending elements (N 

P K etc .) the soil has given better results 

[31], the added nutrients these value 

enriched the compost to prove and useful. 
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1a. Plant height     1b. Number of cobs 

 

1c. 1000 grain weight    1d. Grain yield 

1e. Yield 

Figure 1. Effect of potassium enriched compost in integration with inorganic 

potassium fertilizer on plant height of maize (HSD0.05: plant height18.19**, HSD0.05: 

number of cobs 0.99NS, HSD0.05: 1000-grain weight 41.15**, HSD0.05: grain yield 

729*, HSD0.05: stover yield 2895NS) 
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The laboratory conducted research data 

hint that un-decomposed and composted 

material (KEC) with or without ACC-

deaminase rhizobacterial biofertilizers and 

produced the significant better came for 

enhancing the quality of compost. The 

compost of materials and not only decrease 

the C to N ratio of soil as consequence, the 

nutrients status of soils. The totally stable 

and decrease water loss from the soil and 

these outcomes are comparable to previous 

findings emphasizing the advantage of the 

materials their organic (raw) and organic 

materials [32, 33], the enrichments of 

organic nutrients and materials with has 

further, utilization when they are applied 

the form of composed or in un-composed 

materials. in some early studies, N-

enriched the compost NEC were proved to 

be the beneficial for crops due to their 

lowest C to N, C to P and C to K  ratio and 

increased the content of nutrients raw 

materials [34]. The impact N enriched 

compost materials as soil conditions have 

been tested in control environments [35]. 

The soil and NEC as ACC deaminase 

contain biofertilizers the greatest amount 

of soil and aggregate (up to 30%) 

remaining in 1.0 mm sieve. In this 

experiment it was recorded that the yield 

and growth contributing traits including, K 

concentration of stover and grain of maize 

as integration application of 60 or 45 kg 

K+300 kg KEC ha-1 as compared to 60 kg 

K ha-1 sole. The subsequent studies and 

involved in 45 kg K along with the 300 kg 

KEC ha-1 as the best selected dose in this 

study. 

The findings of this study are corroborated 

with [36], who emphasized the usage of K 

for the yield and quality improvement of 

the maize crop. Likewise, outcomes of 

other studies revealed that potassium 

application also promotes leaf area plant 

height, growth rate, cob length, grain yield 

and 1000-grain weight which used as a 

tool for measuring production of maize. In 

another study, it is reported that all right 

good, application K fertilizer improved the 

maize and quality oil content and crude 

protein and starch [37, 38], reported that 

the use of organic wastes and materials in 

raw-unrecompensed from is difficultly to 

bring use as soil amendment duet to the 

involvement of cost  transpiration and 

storage [39]. The 50% of N fertilizer can 

be saved if augmented with organic or 

biofertilizers affecting the production of 

tomato. They further, reported that the 

value shown in bracket in comparison the 

root length (91%) respectively, were 

significant the greatest than recommended 
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N fertilizer treatment in (control). The 

nutrient concentration and utilization by 

plant were both increase by the usage of 

these enriched and composts. The 

discussion of this studies not only confirm 

the merits of application of organic 

fertilizer the reported from market waste 

fruit and vegetable but also urges the soil 

fertility, and plant nutrients experts to 

explore further, strategies of formulation 

of organic fertilizer of low input 

sustainable crop production. 

Conclusion 

The results showed that mixing KEC with 

the organic K fertilizer @ 60 or 45 kg K 

ha-1 more suggested statistically the similar 

yield of maize, as the against the 

recommended does, 60 kg K ha-1 alone. 

Therefore in the future studies a dose of 45 

kg K integrate with 300 kg KEC ha-1 and 

found better other treatments to input of 

the chemical K fertilizer. Furthermore, the 

data of this study not only reveals the 

application of fertilizer and prepared 

market wastes (Fruits and vegetable) the 

soil fertility and nutrients of plant experts 

to explore the further strategies of the 

formation of organic fertilizer and plant 

nutrients for sustainable production of 

crops with low-inputs specially for 

enhancing the K fertilizer use efficiency. 
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