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                                                                                                        Abstract 

A field experiment was conducted during Zaid season 2022 at the research farm of Department of 

Soil Science and Agricultural Chemistry, SHUATS, Prayagraj, To Assess the variation among 

physico-chemical properties of soil, and yield of maize as influenced by levels of NPK and 

vermicompost at eastern Uttar Pradesh. The soil of the experimental site was sandy loam in texture 

and is situated at 25024’30’’ N latitude, 81051’10” E   longitude and 98 meter above the sea level .The 

experiment was laid out in randomized block design with nine treatments T1@0%NPK ha-1 + 

@0%Vermicompost ha-1, T2@0%NPK ha-1 + @50% Vermicompost ha-1, T3 @ 0% NPK ha-1 + 

@100% Vermicompost ha-1, T4 @ 50% NPK ha-1 +@ 0% Vermicompost ha-1, T5 @50% NPK ha-1 

+ @50% Vermicompost ha-1 , T6 @50%NPK ha-1 +@100%Vermicompost ha-1 , T7  @ 100% NPK 

ha-1 +@ 0% Vermicompost ha-1 , T8 @ 100% NPK ha-1 +@ 50% Vermicompost ha-1 , T9 @ 

100%NPK ha-1+ @100% Vermicompost ha-1. which were replicated thrice. The physico-chemical 

properties of soil before sowing and after crop harvest was determined by following standard 

procedures. Bulk density, Particle density, percent pore space and water holding capacity Was 

determined by (Muthuval et al) pH, Ec and organic carbon was determined by Digital pH meter, 

Digital EC mete and Walkley and Black method respectively. Available N, P, K was determined by 

Kjeldhal Method, Colorimetric method and Flame photometric method respectively. The 

Experimental findings revealed that The Bulk density, percent pore space, water holding capacity, 

Ec, organic carbon Available N, P, K of soil was found significant at different levels of NPK and 

Vermicompost. Post-harvest soil physico-chemical properties (Water holding capacity, percent pore 

space, Electrical conductivity, organic carbon, Available nitrogen, phosphorus and potassium) were 

maximum underT9(100%NPK ha-1+ 100% Vermicompost ha-1) and followed by T8(100%NPK ha-

1+ 50% Vermicompost ha-1) It was also observed that Bulk density  and particle density of soil was 

improved under T9(100%NPK ha-1+ 100% Vermicompost ha-1) compared to control and rest of the 

treatments combination .Bulk density gradually decreased with an increase dose of NPK and 

vermicompost. Therefore, the integration of organic and inorganic fertilizers resulted in better 

physico-chemical properties on par compared with sole used of 100%RDF.  
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                                                                   Introduction 



 

 

Indian agriculture has made tremendous progress after the sixties and The success of agriculture 

production has been attributed to the widespread use of high yielding varieties. Among several 

inputs, fertilizers have been the kingpin for the transformation of Indian agriculture from 

subsistence to surplus. (Nelson et al., 2019) Maize (Zea mays L), is the world's third most important 

cereal crop after wheat and rice. The world production of maize was 967 million metric tons 

(MMT) and in India its production was 23 MMT in 2013-14. (India maize summit, 2014) It is 

cultivated with different crop sequence under various agro climatic regions of the country. Hence, it 

is considered as potential driver of crop diversification under different situations The application of 

organic manure enhanced the crop yield due to increase in nutrient availability and improvement in 

soil structure. In the past four decades, global maize production has greatly increased mainly due to 

application of nitrogen. (FOA, 2018) It imparts vigorous vegetative growth to plant and it produce 

early growth of maize. Nitrogen governs the utilization of potassium, phosphorus and other 

elements in maize crops. It has been observed that the maize crop requires regulated and assured 

supply of nitrogen throughout its growing period right from seedling stage to grain filling stage. 

(Singh et al. 2012) Phosphorus is essential for transformation of energy, metabolism and in 

respiration of plant and early maturity of maize. Potassium plays important role in formation of 

protein and chlorophyll and it provide much of osmotic pull that draw water into plant roots. It 

produces strong stiff straw in maize and reduce lodging in maize crop. It also increases vigor and 

disease resistance to plant (Singh et al., 2010) Organic manures bind the soil aggregates which 

increased cation exchange capacity, phosphate availability and water holding capacity of soil. They 

also improved the fertilizer use efficiency, microbial and organic carbon content in the soil. The 

nitrogen loss was also less in soil due to the application of organic manures (Liu et al., 2021). The 

regular application of inorganic fertilizers along with organic manures helped in controlling the pH 

and EC of soil as compared to without organic manure application (Han et al., 2021). The 

combination of organic manures with inorganic fertilizers resulted in improvement of soil fertility 

and available nitrogen status of soil (Han et al., 2021) The combined application of vermicompost 

with inorganic fertilizers made the availability of nutrients to crop throughout their growth period 

and it results in improvement of crop yield as well as physical, chemical and biological properties 

of the soil. By keeping in view this existing scenario, a field experiment conducted to study the 

variation among physico-chemical properties of soil, Growth and yield of maize as influenced by 

levels of NPK   and vermicompost 

                                                  

 

 



 

 

                                                               Materials and Methods  

A field experiment was conducted on maize crop at the research farm of Department of Soil Science 

and Agricultural Chemistry, SHUATS, Prayagraj, during the year 2022. The climate of this region 

is typically comes under subtropical belt in the South east of Uttar Pradesh, which experience 

extremely hot summer and fairly cold winter. The maximum temperature of this area reaches up to 

460C – 480C and seldom falls as low as 40C – 5 0C. The relative humidity ranged between 20 to 94 

percent. The average rainfall in this area is around 1100 mm annually Experimental site is situated 

at 25024’30’’ N latitude, 81051’10” E   longitude and 98 meter above the sea level. The maize seed 

PRMH-9 was sown on 9th of March (2022) and harvested on 15th June. Soil samples were 

collected prior to the experiment to study the physico- chemical properties of the experimental area. 

The soil was sandy loam in texture (sand % 62.71, silt % 23.10 and clay % 14.19) medium in 

available Nitrogen (255.23), medium in available Phosphorus (23.03), medium in Potassium (201.23) 

and pH is slightly alkaline (7.13) The field was laid out in randomize block design (RBD) which is 

replicated three (3) times The organic nutrient sources used are Vermicompost whereas the 

inorganic sources are Urea, single super phosphate (SSP) and Murate of potash (MOP). Nine (9) 

treatments involving a combination of various nutrients from different sources (organic and 

inorganic) were used which include: Treatments were T1 – @0 % NPK ha-1 + 0% Vermicompost 

ha-1, T2 @ 0% NPK ha-1 + 50% Vermicompost ha-1 , T3 @ 0% NPK ha-1 + 100% Vermicompost ha-

1 , T4 @ 50% NPK ha-1 + 0% Vermicompost ha-1 , T5 @ 50% NPK ha-1 + 50% Vermicompost ha-1 , 

T6 @50%NPK ha-1 +100%Vermicompost ha-1 , T7 @ 100% NPK ha-1 + 0% Vermicompost ha-1 , T8 

@ 100% NPK ha-1 + 50% Vermicompost ha-1 , T9 @ 100%NPK ha-1+ 100% Vermicompost ha-1 . 

The recommended dose of organic fertilizer (vermicompost) used was 5 t/ha and this was uniformly 

incorporated into the soil before sowing as per treatments in each plot. Furthermore, the 

recommended dose of inorganic fertilizer (RDF) used was 120:60:40 NPK kg/ha, whereas whole P 

and K were applied at the time of sowing and N was applied in 3 split doses as 20% at the time of 

sowing, 40% at 30 days after sowing (DAS) and remaining 40% at the time of tasseling (i.e. at 60 

DAS). After crop harvesting the soil samples from field trial were collected from each plot at a 

depth of 0-15 and 15 -30 cm using a soil auger and samples were air-dried, passed through a 2 mm 

sieve, and analyzed for determination of soil physico-chemical properties (Bulk density, Particle 

density, water holding capacity, Percent pore space, pH, Organic carbon , Electrical conductivity 

Available N, P, k, Electrical conductivity.) 

                 

 

 



 

 

 

                                           Results and Discussion 

The effects of NPK and Vermicompost on soil properties are presented in table. 1.and 2 The results 

showed that the application of NPK and Vermicompost had a significant effect on soil properties. 

The maximum bulk density (1.27 and 1.32 Mg m-3),Particle density (2.63 and 2.64 Mg m-3) and pH 

(7.36 and 7.56) was recorded in T-1(@0%NPK+@0%Vermicompost), while the minimum bulk 

density (1.27 and 1.31 Mg m-3) ,Particle density (2.58 and 2.59 Mg m-3) and pH (7.12 and 7.32) was 

found in T-9 (@100%NPK+@100%Vermicompost) at 0-15 and 15-30 cm depth. Similarly, the 

maximum EC (0.41 and 0.29dS m-1), organic carbon (0.47 and 0.44 %), percentage pore space 

(45.02 and 42.87%), water holding capacity (49.62 and 47.61%), and available nitrogen (281.03 and 

279.09 kg ha-1), phosphorus (32.00 and 27.98 kg ha-1), and potassium (210.14 and 180.11 kg ha-1) 

was found in T-9(@100%NPK +@100%Vermicompost),and the minimum EC (0.32 and 0.21 dS 

m-1), organic carbon (0.35 and 0.31 %), percentage pore space (39.87 and 37.87 %), water holding 

capacity (44.02 and 42.23%), and available nitrogen (254.37 and 250.85kg ha-1), phosphorus (24.00 

and 20.00 kg ha-1), and potassium (210.14 and 180.11 kg ha-1) was recorded in T-1(control) at 0-15 

and 15-30 cm . 

Physico-Chemical properties of soil at 0-15 and 15-30cm depth.  

Bulk density 

The lower value of bulk density was observed inT9 where NPK and Vermicompost were applied 

as(@100%NPK+@100%Vermicompost) The main reason of lower bulk density was aggregation of 

soil particle due to increasing organic matter as well as stability of aggregates. Islam et al (2012) 

Similar results regarding the decrease of bulk density as the effect of addition of organic and 

inorganic fertilizers in soil were reported by Martens and Franken Berger (1992) 

Particle density 

The lower value of particle density was observed inT9 where NPK and Vermicompost were applied 

as(@100%NPK+@100%Vermicompost) The main reason of lower bulk density was aggregation of 

soil particle due to increasing organic matter as well as stability of aggregates. Islam et al (2012) 

Similar results regarding the decrease of bulk density as the effect of addition of organic and 

inorganic fertilizers in soil were reported by Martens and Franken Berger (1992) 

Percent pore space 

The higher value of percent pore space was observed in T9 where NPK and Vermicompost were 

applied as (@100%NPK+@100%Vermicompost) Aggregation of soil particle due to increasing 

organic matter as well as stability of aggregates, which lead to increase the percent pore space in 

soil. Islam et al. (2012) The soil of the treatments in which NPK and Vermicompost were applied in 

combination recorded higher percent pore space might be owing to the better soil particle 



 

 

aggregation, microbial respiration, increased pore space Similar results regarding the increase in 

infiltration rate as the effect of addition of organic and inorganic fertilizers in soil were reported by 

Martens and Franken Berger (1992). 

pH 

The maximum pH (7.36 and 7.56) was found in T1-( @ 0%NPK +@0% Vermicompost) at 0-15 and 

15-30 cm and the minimum (7.12 and 7.32 was found in treatment T9 (@ 100%NPK  

+@100% Vermicompost) similar results have also been recorded by Bhattacharya et al. (2016) 

Srinivasarao et al (2015) the application of NPK fertilizers decreases soil pH due to the acidifying 

effect of ammonium-based fertilizers. 

 Generally, the pH tends to be more acidic in the surface layers of soil and more alkaline in the 

deeper layers. This variation can be attributed to factors such as the accumulation of organic matter, 

the leaching of nutrients, and the activity of microorganisms. 

Organic Carbon (%) 

 The minimum Organic carbon (0.35 and 0.31) was found in T1-( @ 0%NPK +@0% 

Vermicompost) at 0-15 and 15-30 cm and the maximum (0.47 and 0.44) was found in treatment T9 

(@ 100%NPK +@100% Vermicompost) similar results found that the application of vermicompost 

significantly increased soil organic carbon levels compared to NPK fertilizer alone or a combination 

of NPK and vermicompost. However, the combination of NPK and vermicompost resulted in higher 

crop yields compared to the use of vermicompost or NPK alone. Kumar et al (2019) 

Available Nitrogen (kg ha-1) 

The minimum Available Nitrogen (254.37 and 250.85) was found in T1-( @ 0%NPK +@0% 

Vermicompost) at 0-15 and 15-30 cm and the maximum (281.03 and 279.09) was found in 

treatment T9 (@ 100%NPK +@100% Vermicompost) Similar result found that the combined 

application of NPK fertilizers and vermicompost significantly increased the available nitrogen 

content of soil compared to the application of NPK fertilizers alone. A experiment conducted by 

Singh et al. (2012) found that the application of vermicompost along with NPK fertilizers 

significantly increased the available nitrogen content of soil at different depths in a maize-wheat 

cropping system in northern India. Another study by Yadav et al. (2017) reported that the 

application of NPK fertilizers along with vermicompost significantly increased the available 

nitrogen content of soil at different depths in a soybean-wheat cropping system in central India. 

Available Phosphorus (kg ha-1) 

The minimum Available phosphorus (24.00 and 20.00) was found in T1-(@ 0%NPK +@0% 

Vermicompost) at 0-15 and 15-30 cm and the maximum (32.00 and 27.98) was found in treatment 

T9 (@ 100%NPK +@100% Vermicompost) Similar result found that the combined application of 

NPK fertilizers and vermicompost significantly increased the available phosphorus content of soil at 

all depths compared to the use of NPK fertilizers alone. (Mondal et al 2016) 



 

 

Available Potassium (kg ha-1) 

The minimum Available Potassium (210.15 and 180.11) was found in T1-(@ 0%NPK +@0% 

Vermicompost) at 0-15 and 15-30 cm and the maximum (230.99 and 197.32) was found in 

treatment T9 (@ 100%NPK +@100% Vermicompost) similar result found that the application of 

NPK fertilizers and vermicompost significantly increased the available potassium content in the soil 

of maize crop at different depths. The study found that the application of 150 kg NPK per hectare 

along with 10 tone of vermicompost per hectare resulted in the highest available potassium content 

in the soil(Singh et al  2015) 

 

Table:-1 Effect of different levels of NPK and Vermicompost on Bulk density (Mg m-3), 

Particle density (Mg m-3), Pore space (%)and Water holding capacity (%) of post- harvest 

soil. 

Treatment 

Bulk density 
(Mg m-3) 

Particle 
density (Mg m-

3) 

Water holding 
capacity (%) 

Percent pore 
space 

0-15 
cm 

15-30 
cm 

0-15 
cm 

15-30 
cm 

0-15 
cm 

15-30 
cm 

0-15 
cm 

15-30 
cm 

T1 1.27 1.32 2.63 2.64 39.87 37.87 44.02 42.23 
T2 1.25 1.30 2.61 2.62 40.92 38.97 45.81 43.26 
T3 1.23 1.28 2.59 2.60 42.51 40.98 47.54 45.12 
T4 1.26 1.29 2.62 2.63 40.01 39.01 44.69 43.89 
T5 1.24 1.27 2.60 2.61 41.98 40.56 46.68 44.77 
T6 1.21 1.25 2.58 2.59 44.02 41.97 48.58 46.29 
T7 1.24 1.26 2.61 2.62 41.32 40.77 46.23 45.37 
T8 1.22 1.24 2.59 2.60 42.98 41.67 47.74 46.12 
T9 1.19 1.22 2.58 2.59 45.02 42.87 49.62 47.61 

F- test S S NS NS S S S S 
S.Em. (+) 0.014 0.017 0.029 0.042 0.628 0.483 0.773 0.698 

C.D 
(P=0.05) 0.043 0.053 0.087 0.128 1.885 2.092 2.32 2.09 

 

Table:-2 Effect of different levels of NPK and Vermicompost on pH, Electrical 

conductivity(dSm-1)and, Organic carbon (%), of post- harvest soil. 

Treatment 
pH(1:2.5) 

Electrical 
conductivity(dSm-

1) 

Organic 
carbon(%) 

0-15 
cm 

15-30 
cm 

0-15 
cm 15-30 cm 0-15 

cm 
15-30 

cm 
T1 7.36 7.56 0.21 0.32 0.35 0.31 
T2 7.31 7.51 0.24 0.34 0.38 0.32 
T3 7.25 7.45 0.27 0.36 0.42 0.35 
T4 7.32 7.52 0.22 0.33 0.39 0.33 
T5 7.27 7.47 0.25 0.35 0.42 0.37 
T6 7.20 7.40 0.28 0.37 0.44 0.40 
T7 7.27 7.47 0.23 0.34 0.41 0.38 



 

 

T8 7.21 7.41 0.26 0.38 0.45 0.41 
T9 7.12 7.32 0.29 0.41 0.47 0.44 

F- test NS NS S S S S 
S.Em. (+) 0.O8 0.12 0.773 0.698 0.08 0.12 

C.D 
(P=0.05) 0.23 0.36 2.32 2.09 0.23 0.36 

 

 

 

Table:-3 Effect of different levels of NPK and Vermicompost on Available Nitrogen (kg ha-1) 

,Available phosphorus (kg ha-1), and Available potassium (kg ha-1) of post- harvest soil. 

Treatment 

Available 
Nitrogen (kg ha-

1) 

Available 
Phosphorus 

(kg ha-1) 

Available 
Potassium (kg 

ha-1) 
0-15 
cm 

15-30 
cm 

0-15 
cm 

15-30 
cm 

0-15 
cm 

15-30 
cm 

T1 254.37 250.85 24.00 20.00 210.15 180.11 
T2 258.89 256.34 25.00 21.98 212.35 184.21 
T3 265.37 264.27 27.00 23.87 218.25 186.87 
T4 261.87 259.89 26.00 21.11 215.98 183.65 
T5 266.97 265.01 28.00 22.98 221.12 187.65 
T6 272.13 270.97 30.00 25.97 225.17 192.98 
T7 269.87 266.97 29.00 23.67 223.99 190.89 
T8 278.98 275.03 31.00 26.25 228.12 193.75 
T9 281.03 279.09 32.00 27.98 230.99 197.32 

F- test S S S S S S 
S.Em. (+) 3.425 2.979 0.510 0.337 4.090 3.280 

C.D 
(P=0.05) 10.270 8.932 1.529 1.010 12.264 9.833 

 

Conclusion 

The current study concluded that all the organic and inorganic fertilizer sources has significant 

effect on physio-chemical properties of soil of maize Crop. The integration of organic manures with 

inorganic fertilizer sources found most effective in improving physico-chemical properties of soil as 

it decreases bulk density, and pH in T9(@100%NPK +@100%Vermicompost). Effective increase in 

percentage pore space, water holding capacity, electrical conductivity, percentage organic carbon 

and available nitrogen, phosphorus and potassium in T9(@100%NPK +@100%Vermicompost). 

The present study also indicated that it is not possible to maintain soil fertility and productivity by 

the sole application of either organic manure or inorganic fertilizer source. To sustain soil fertility 

and productivity on long term basis, the integration of organic and inorganic is highly 

recommended. 
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