Original Research Article


Influence of Vermicompost and Biofertilizer on Growth and Yield Attributes of Hybrid Maize (Zea mays L.)

Abstract
Field experiment was conducted at Soil Science Research Farm of SHUATS Prayagraj, (U.P.) on, sandy loam soil to” Influenced of Vermicompost and Biofertilizer on Growth and yield attribute under hybrid Maize (Zea may L.)” during kharif season of 2022. There are nine treatment combinations were comprised in randomized block design with three replications. The results showed that the application of Vermicompost and PSB has a significant and non-significant effect on growth and yield properties of hybrid maize. The maximum plant height of hybrid maize recorded at 30 DAS, 60 DAS and 90 DAS 42.31 cm,115.32 cm and 122.42 cm, The maximum number of leaves plant-1 of hybrid maize recorded at 30 DAS, 45 DAS and 60 DAS 7.2, 9.3 and 12.7, The maximum number of cobs plant-1 of Hybrid Maize recorded 2.7 was recorded in T9 (VC @100% + PSB @ 100%). Similarly, the maximum number of grains cob-1 of hybrid maize recorded 354.43, The maximum average cob weight of hybrid maize recorded 243.42, The maximum test weight of hybrid maize recorded 207.61, The maximum grain yield of hybrid maize recorded 34.99 q/ha, The maximum harvest index of hybrid maize recorded 27.67 % was recorded in T9 (VC @100% + PSB @ 100%). 
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    1. INTRODUCTION
Maize (Zea mays L.) is one of the world’s most important cereals and is often referred to as the “queen of cereals” due to its wide utility as food, feed, and industrial raw material. In many developing regions, maize is a key staple that supports rural livelihoods. However, conventional maize production relies heavily on synthetic fertilizers, which contribute to greenhouse gas emissions, soil degradation, and higher input costs. Integrated use of organic amendments like vermicompost and biofertilizers offers a sustainable alternative that can enhance productivity while mitigating environmental impacts.
Vermicompost is a green technology that transforms organic wastes into nutrient-rich, biologically active organic fertilizer through earthworm and microbial activity. It improves soil structure, increases nutrient availability, enhances water-holding capacity, and promotes beneficial microbial communities in the rhizosphere. Such improvements can help soils retain moisture and sustain plant growth under erratic rainfall or drought conditions, which are becoming more frequent due to climate change. Vermicompost has also been shown to enhance plant physiological attributes and reduce heavy metal uptake in crops, making it a promising amendment for sustainable agriculture.
Biofertilizers, including phosphate-solubilizing bacteria (PSB), are low-cost, renewable sources of plant nutrients that make soil nutrients more available to plants through biological processes. PSB can increase phosphorus availability by solubilizing insoluble P compounds, improve root growth, and enhance nutrient uptake efficiency. When used in combination with organic amendments, such as vermicompost, PSB may further boost crop resilience to abiotic stress like salinity and water limitation, which are critical under changing climatic conditions.
Integrated nutrient management (INM) involving vermicompost and PSB not only improves maize growth and yield but also supports environmental sustainability by reducing dependency on synthetic fertilizers and enhancing soil organic carbon. Higher soil organic matter improves soil water retention, contributing to drought resilience, and aids in the stabilization of soil aggregates that reduce erosion and nutrient loss. This approach addresses several challenges posed by climate variability and supports more resilient maize production systems.
  2.  MATERIALS AND METHODS
The field experiment was conducted at Research Farm of Soil Science and Agricultural Chemistry at Sam Higginbottom University of Agriculture Technology and Sciences, Prayagraj. It is situated at 25024’23” N latitude, 81050’38” Longitude and at the altitude of 98 meter above the sea level. The fieldwork was done in the Prayagraj district, which is part of the subtropical belt and has semi-arid climatic conditions with both winter and summer temperature extremes. “The maximum temperature of the location reaches up to 46˚- 48˚C and seldom falls as 4˚-5˚C. The relative humidity ranges between 20% to 94%. The average annual rainfall in Prayagraj is around 900-1100 mm annually. The minimum temperature during the crop season was to be 5.9˚C and the maximum is to be 29.04˚C. The maximum humidity was to be 42.72% and maximum was to be 93.28%” . The present research investigation was setup in randomized block design (RBD) with nine treatment combinations, which are replicated three times and randomly allocated in each replication, dividing the research site into twenty- seven plots. In this study, inorganic fertilizers like nitrogen, phosphorus, and potassium were used as RDF, Vermicompost and biofertilizer like PSB was applied in three different doses. Sowing of the Maize crop was carried out on the 29 July, 2022, respectively, by hand. The seed variety Moti was sown at a rate of 20 kg ha-1 and at a row-to-row spacing of 60 cm and plant-to-plant spacing of 45 cm. The recommended doses of NPK were applied @120:60:40 kgha-1. The graded level of NPK were applied through Urea, Diammonium phosphate and Murate of potash. Half dose of nitrogen and full dose of phosphorus and potassium were applied basally at the time of sowing. In addition to these applications, Vermicompost was used as a basal dose at 0, 2, and 4 t ha-1 for the treatment. The sources of biofertilizer were PSB was apply three different dose 0g/kg seed,10g/kg seed, and 20 g/kg seed

Table 1- Treatment Details . 
	TREATMENT
	TREATMENT COMBINATION
	SYMBOL

	T 1
	0t/ha Vermicompost + 0g/kg seed (PSB)
	VC0PSB0

	          T 2
	0t/ha Vermicompost + 10g/kg seed (PSB)
	VC0PSB10

	          T 3
	0t/ha Vermicompost + 20g/kg seed (PSB)
	VC0PSB20

	          T 4
	2t/ha Vermicompost + 0g/kg seed (PSB)
	VC2PSB0

	          T 5
	2t/ha Vermicompost + 10g/kg seed (PSB)
	VC2PSB10

	          T 6
	2t/ha Vermicompost + 20g/kg seed (PSB)
	VC2PSB20

	          T 7
	4t/ha Vermicompost + 0g/kg seed (PSB)
	VC4PSB0

	          T 8
	4t/ha Vermicompost + 10g/kg seed (PSB)
	VC4PSB10

	          T 9
	4t/ha Vermicompost + 20g/kg seed (PSB)
	VC4PSB20



     Table 2: Meteorological data during experimental period (July to October 2022)
	Month
	Week
	        Temperature
Max                   Min
	Relative Humidity(%)
Max               Min
	Rainfall(mm)

	July
	1stweek
	33.13
	27.47
	77
	39.67
	00

	
	2ndweek
	37
	28.34
	40.85
	00
	00

	
	3rdweek
	38.51
	28.92
	74
	37.42
	00

	
	4thweek
	41.7
	26.7
	64
	26
	00

	
	5thweek
	37.4
	21
	83.25
	32.2
	00

	August
	1stweek
	35.3
	28.3
	82.3
	58.6
	18.8

	
	2ndweek
	33.4
	26.8
	90.5
	62.7
	19.32

	
	3rdweek
	34.05
	28.1
	87
	59.1
	8.2

	
	4thweek
	37.2
	28.4
	82.7
	51.4
	2.7

	
	5thweek
	38.0
	29.8
	81.2
	50.42
	0.1

	September
	1stweek
	35.4
	26.5
	87.2
	54.7
	2.7

	
	2ndweek
	35.2
	25.9
	86
	49.2
	3.8

	
	3rdweek
	34.8
	26.6
	87.4
	48.5
	12.4

	
	4thweek
	36.6
	26.4
	85.3
	46.8
	00


                                        






Table 3: Physical analysis of pre-sowing soil samples. (Sample taken before sowing)   
	Particulars
	Results
	Method employed

	Sand (%)
	62.71
	

Bouyoucos Hydrometer method (1952)

	Silt (%)
	23.10
	

	Clay (%)
	14.19
	

	Textural class
	Sandy loam
	

	Soil Colour
	

Munsell Colour Chart

	Dry Soil
	Pale brown Colour
	

	Wet Soil
	Olive brown Colour
	

	
Bulk density (Mg m-3)
	
1.23
	Graduated Measuring Cylinder (Muthuavalet.al.,1992)

	Particle density (Mg m-3)
	2.37
	Graduated Measuring Cylinder (Muthuavalet.al.,1992)



Chemical Analysis

The chemical analysis of pre-sowing was done for pH, EC, available Nitrogen, Phosphorus, Potassium, and Organic carbon (%). The results and various methods employed are represented under the following table.
Table 4: Chemical analysis of pre-sowing soil samples. (Sample taken before sowing)
                           
	Parameters
	Method employed
	Results

	Soil pH (1:2)
	Glass electrode, pH meter
	7.58

	Soil EC(dSm-1)
	EC meter (Conductivity Bridge)
	0.177

	Organic Carbon (%)
	Wet Oxidation Method (Walkley and Black’s method 1934)
	0.45

	Available Nitrogen (Kgha-1)
	Kjeldhal Method (Subbaih and Asija, 1956)
	238.21

	Available Phosphorus (Kgha-1)
	Colorimetric method (Olsen et al. 1954)
	20.73

	Available Potassium (Kgha-1)
	Flame photometric method (Toth and Price, 1949)
	127.65



 3. Results and Discussions
3.1 Growth parameter
The interaction effect/response of VC and PSB on the plant height of hybrid maize (cm) was found significant. The maximum plant height of hybrid maize recorded at 30 DAS, 60 DAS and 90 DAS 42.31,115.32 and 122.42 of was found in VC4PSB20 (4 t ha-1 vermicompost +20g/kg PSB) and minimum plant height of hybrid maize recorded at 30 DAS, 60 DAS and 90 DAS 24.40, 99.34 and 104.44 of was found in VC0PSB0 (0 t ha-1 vermicompost+0g/kg PSB). The interaction effect/response of VC and PSB on the number of leaves plant-1 was found significant. The maximum number of leaves plant-1 of hybrid maize recorded at 30 DAS, 45 DAS and 60 DAS 7.2, 9.3 and 12.7 was revealed in VC4PSB20 (4 t ha-1 vermicompost +20g/kg PSB) and minimum number of leaves plant-1 of hybrid maize recorded at 30 DAS, 45 DAS and 60 DAS 4.5,6.4 and 9.2 of was found in VC0PSB0 (0 t ha-1 vermicompost+0g/kg PSB). The interaction effect/response of VC and PSB on the number of cobs plant-1 of hybrid maize recorded was found significant. The maximum number of cobs plant-1 of Hybrid Maize recorded 2.7 was found in VC4PSB20 (4 t ha-1 vermicompost +20g/kg PSB) and minimum number of cobs plant-1 of hybrid maize recorded 1.4 of soil was found in VC0PSB0 (0 t ha-1 vermicompost+0g/kg PSB).


Table 5. Influence of different level of vermicompost and PSB on growth parameters of Maize
	Sl. No.
	Treatments
	Plant height
(cm)
(90 DAS)
	Leaves per plant
(No.)
(90 DAS)
	Cobs per Plant
(No.)
(90 DAS)

	1.
	VC0PSB0
	152.87
	9.2
	1.4

	2.
	VC0PSB10
	154.77
	11.2
	2.1

	3.
	VC0PSB20
	161.13
	10.5
	2.3

	4.
	VC2PSB0
	167.53
	9.5
	1.5

	5.
	VC2PSB10
	169.83
	11.5
	1.7

	6.
	VC2PSB20
	171.83
	12.4
	2.6

	7.
	VC4PSB0
	176.17
	9.7
	1.7

	8.
	VC4PSB10
	181.17
	10.97
	2.1

	9.
	VC4PSB20
	185.4
	11.87
	2.7




3.2 Yield attributes
The interaction effect/response of VC and PSB on the number of grains cob-1 of hybrid maize recorded was found significant. The maximum number of grains cob-1 of hybrid maize recorded 354.43 was found at in VC4PSB20 (4 t ha-1 vermicompost +20g/kg PSB) and minimum number of grains cob-1 of hybrid maize recorded 245.21 was found in VC0PSB0 (0 t ha-1 vermicompost+0g/kg PSB). The interaction effect/response of VC and PSB on average cob weight of hybrid maize was found significant. The maximum average cob weight of hybrid maize recorded 243.42 was found in VC4PSB20 (4 t ha-1 vermicompost +20g/kg PSB) and minimum average cob weight of hybrid maize recorded 174.36 was found in VC0PSB0 (0 t ha-1 vermicompost+0g/kg PSB). The interaction effect/response of VC and PSB on test weight of 
hybrid maize recorded was found significant. The maximum test weight of hybrid maize recorded 207.61 of soil was found in VC4PSB20 (4 t ha-1 vermicompost +20g/kg PSB) and minimum test weight of hybrid maize recorded 193.48 was found in VC0PSB0 (0 t ha-1 vermicompost+0g/kg PSB). The interaction effect/response of VC and PSB on grain yield of hybrid maize recorded was found significant. The maximum grain yield of hybrid maize recorded 34.99 of soil was found in VC4PSB20 (4 t ha-1 vermicompost +20g/kg PSB) and minimum Grain yield of hybrid maize recorded 25.26 was found in VC0PSB0 (0 t ha-1 vermicompost+0g/kg PSB). The interaction effect/response of VC and PSB on harvest index of hybrid maize recorded was found significant. The maximum harvest index of hybrid maize recorded 27.67 of soil was found in VC4PSB20 (4 t ha-1 vermicompost +20g/kg PSB) and minimum harvest index of hybrid maize recorded 26.50 was found in VC0PSB0 (0 t ha-1 vermicompost+0g/kg PSB).

	Sl. No.
	Treatments
	Grains per cob
(No.)
	 Avg. cob weight
(g)
	Test Weight
(g/kg)
	Grain Yield
(q ha-1)
	Harvest index 
(%)

	1.
	VC0PSB0
	245.21
	174.36
	193.48
	25.26
	26.50

	2.
	VC0PSB10
	259.15
	187.67
	198.38
	29.58
	26.88

	3.
	VC0PSB20
	296.36
	205.53
	203.38
	30.44
	27.74

	4.
	VC2PSB0
	241.09
	174.44
	197.36
	26.73
	26.60

	5.
	VC2PSB10
	255.58
	187.64
	200.22
	29.73
	26.60

	6.
	VC2PSB20
	322.64
	230.36
	205.58
	32.26
	27.46

	7.
	VC4PSB0
	244.25
	179.33
	197.63
	27.21
	26.75

	8.
	VC4PSB10
	262.69
	193.29
	200.90
	30.43
	27.48

	9.
	VC4PSB20
	324.48
	243.42
	205.52
	34.99
	27.67


Table 6. Influence of different level of vermicompost and PSB on yield parameters of Maize

3.3 Economics
The economy of different treatment concerned, the treatment T4 (2t/ha Vermicompost + 0g/kg seed (PSB) provides highest net profit of [image: C:\Documents and Settings\user\Desktop\images.jpg]31217.00 with costbenefit ratio is 1: 1.73 however, the minimum net profit of [image: C:\Documents and Settings\user\Desktop\images.jpg]23367.00 was recorded in the treatment T7( 4t/ha Vermicompost + 0g/kg seed (PSB) with cost benefit ratio is 1:1.44.

Table 7: Cost of cultivation for different treatment
	Treatment
	Treatment Details
	Units
	Rates ( [image: C:\Documents and Settings\user\Desktop\images.jpg] )
	Cost/Unit( [image: C:\Documents and Settings\user\Desktop\images.jpg])
	Cost of Cultivation
	Total cost of Cultivation

	T1
	0t/ha Vermicompost +
0g/kg seed (PSB)
	Control
	-
	-
	39313 +00.00
	39313

	
T2
	0t/ha Vermicompost + 10g/kg seed (PSB)
	0t
Vermicompost/ha.+10 Kg. PSB/ha
	@7,5,7	/kg NPK + @30/kg Vermicompost
+100 [image: C:\Documents and Settings\user\Desktop\images.jpg] /Kg B.F. /ha
	840+ 300+ 280+
0+1000
	2420+ 39313
	41733

	
T3
	0t/ha Vermicompost + 20g/kg seed (PSB)
	0t Vermicompost/ha
+20 Kg PSB/ha
	@7,5,7	/kg NPK + @30/kg Vermicompost
+100 [image: C:\Documents and Settings\user\Desktop\images.jpg] /Kg B.F. /ha
	840+ 300+ 280+
0+2000
	3420+ 39313
	42733

	
T4
	2t/ha Vermicompost + 0g/kg seed (PSB)
	2t Vermicompost/ha.+0K
g. PSB/ha
	@7,5,7 [image: C:\Documents and Settings\user\Desktop\images.jpg] /kg NPK + @30/kg Vermicompost
+100 [image: C:\Documents and Settings\user\Desktop\images.jpg] /Kg B.F. /ha
	840+ 300+ 280+ 2000
+ 0
	3420+ 39313
	42733

	

T5
	
2t/ha Vermicompost + 10g/kg seed (PSB)
	
2t Vermicompost/ha
+10 Kg PSB/ha
	@7,5,7 [image: C:\Documents and Settings\user\Desktop\images.jpg] /kg NPK + @30/kg Vermicompost
+100 [image: C:\Documents and Settings\user\Desktop\images.jpg] /Kg B.F. /ha
	
840+ 300+ 280+
6000+1000
	
8420+ 39313
	
47733

	
T6
	2t/ha Vermicompost + 20g/kg seed (PSB)
	2t Vermicompost/ha.+20
Kg. PSB/ha
	@7,5,7	/kg NPK + @30/kg Vermicompost
+100 [image: C:\Documents and Settings\user\Desktop\images.jpg] /Kg B.F. /ha
	840+ 300+ 280+
6000+2000
	9420+ 39313
	48733

	
T7
	4t/ha Vermicompost + 0g/kg seed (PSB)
	4t Vermicompost/ha +0 Kg PSB/ha
	@7,5,7 [image: C:\Documents and Settings\user\Desktop\images.jpg] /kg NPK + @30/kg Vermicompost
+100 [image: C:\Documents and Settings\user\Desktop\images.jpg] /Kg B.F. /ha
	840+ 300+ 280+
12000 + 0
	
13420+ 39313
	
52733

	

T8
	4t/ha Vermicompost + 10g/kg seed (PSB)
	4t Vermicompost/ha.+10 Kg. PSB/ha
	@7,5,7 [image: C:\Documents and Settings\user\Desktop\images.jpg] /kg NPK + @30/kg Vermicompost
+100 [image: C:\Documents and Settings\user\Desktop\images.jpg] /Kg B.F. /ha
	840+ 300+ 280+
12000+1000
	14420+ 39313
	
53733

	
T9
	4t/ha Vermicompost + 20g/kg seed (PSB)
	4t Vermicompost/ha
+20 Kg PSB/ha
	@7,5,7	/kg NPK + @30/kg Vermicompost
+100 [image: C:\Documents and Settings\user\Desktop\images.jpg] /Kg B.F. /ha
	840+ 300+ 280+
12000+ 2000
	17420+ 39313
	56733



Table 8: Effect of different cost benefit ratio (C: B) of Different Treatment Combination with Maize crop.
	Treatment
	Yield ( q ha-1)
	Yield     ( [image: C:\Documents and Settings\user\Desktop\images.jpg]
/ q)
	Gross return ( [image: C:\Documents and Settings\user\Desktop\images.jpg]
ha-1)
	Total cost of cultivation
( [image: C:\Documents and Settings\user\Desktop\images.jpg] ha-1)
	Net profit ( [image: C:\Documents and Settings\user\Desktop\images.jpg] ha-1)
	Cost benefit ratio (C:B)

	T1
	25.26
	2500.00
	63150.00
	39313
	23837.00
	1: 1.60

	T2
	26.73
	2500.00
	66825.00
	41733
	25092.00
	1: 1.60

	T3
	27.21
	2500.00
	68025.00
	42733
	25292.00
	1: 1.59

	T4
	29.58
	2500.00
	73950.00
	42733
	31217.00
	1: 1.73

	T5
	29.73
	2500.00
	74325.00
	47733
	26592.00
	1: 1.55

	T6
	30.43
	2500.00
	76075.00
	48733
	27342.00
	1: 1.56

	T7
	30.44
	2500.00
	76100.00
	52733
	23367.00
	1: 1.44

	T8
	32.26
	2500.00
	80650.00
	53733
	26917.00
	1: 1.50

	T9
	34.99
	2500.00
	87475.00
	56733
	30742.00
	1: 1.54








4. Conclusion
The results of experiment concluded as the application of Vermicompost and PSB in treatment T9 (VC4PSB20) was found sample most effective in improving growth and yield properties of hybrid maize, the maximum plant height, number of leaves per plant, number of cobs per plant, number of grains per cobs, average cob weight, grain yield and Harvesting index was found in treatment T9 (VC4PSB20).
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