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Effect of Azotobacter on physio-chemical characteristics 

of soil in onion field 
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Abstract 
Field experiment was conducted at Department of Biological Sciences, Allahabad, Sam Higginbottom 

University of Agriculture, Technology and Sciences, Allahabad (U.P.) India during rabi season 2015-16 

using Azotobacter in onion field. The results of field experiments revealed that at 100 DAT, soil pH of 

each treated plots vary from each other and treatment T5 and T6 has got lowest pH (7.2) as compare to all 

other treatments. Results of electrical conductivity showed that there was non significant difference in all 

the treatments ranging from 0.703dsm-1 to 0.708dsm-1. Similarly the maximum percent of organic carbon 

recorded in treatment T6 (0.57%) followed by T5 (0.52%) and lowest in treatment T1 (0.46%). The 

maximum amount of phosphorus content found in treatment T6 (25.4kg/ha) which was on par with T5 

(24.2kg/ha). The highest potassium content has recorded in treatment T6 (347 kg/ha) and followed by T5 

(345 kg/ha) and lowest in T1 (338kg/ha) as compare to all other treatments. Nitrogen and sulphur analysis 

of soil samples of different treatments showed that the treatment T6 has highest nitrogen and sulphur 

contents with 222.8kg/ha and 18.5 kg/ha followed by T5 with 221.2kg/ha and 18.1 kg/ha, respectively. 

Treatment T1 has recorded lowest nitrogen (206.5kg/ha) and sulphur (12.7 kg/ha) content. Rests of the 

treatments vary with each other little amount. 
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Introduction 

Soil contamination or soil pollution is caused by the presence of xenobiotic (human-made) 

chemicals or other alteration in the natural soil environment. Industrial activity, agricultural 

chemicals or improper disposal of waste are on the hit-chart responsible for land degradation 

(Panagos et al. 2016) [17]. Finally all comes to soil health which is currently a very issue of 

interest as land resource is limited, so do agriculture area which keeps on decreasing day by 

day. The sole problem is just not about reduction in land area but major issue of concern is loss 

of fertility even up to 60% in past few decades (Bruinsma, 2003) [5].  

Talking about present situation there is a long list of chemicals used as pesticide, herbicides 

and inorganic fertilizers to improve the yield but simultaneously an awareness is increasing 

about damages due unlimited use of such resources with the passage of time human realizes 

that nature itself contains cure and remedies although they may not effective much initially but 

with promising future of regenerating soil and its fertility.  

Agriculture soil is presently facing so many problems like heavy metals, alteration in salt 

concentration, soil aeration and reduction in beneficial micro-organisms been observed within 

specific agro-ecological environments, experimental data from the field stating (Eni et al. 

2010) [16]. These are all every important aspect to add up to other soil properties viz soil pH 

value, organic matter and clay contents, and influenced by the fertilization (Fytianos et al. 

2001) [7] necessary for soil fertility.  

What we may learn that nature contains everything in itself, we need to explore the natural 

remedies for long term benefits. One of the promising aspects is revitalizing through organic 

manure and microorganisms commonly known as PGPR. Among all the decontamination 

methods bioremediation appears to be the least damaging and most environmentally 

acceptable technique (Adriano et al. 1999) [2].  

Presence of Azotobacter spp. in soils has beneficial effects on soil and plants also the 

abundance of these bacteria is related to soil physical-chemical (e.g. organic matter, pH, 

temperature, soil moisture) and microbiological properties by affecting availability of N, P, K 

and S (Rai et al. 2014) [20]. 



 

~ 109 ~ 

The Pharma Innovation Journal 

Nitrogen supply to the plant will influence the amount of 

protein, amino acids, protoplasm and chlorophyll formed. 

Therefore, adequate supply of nitrogen is necessary to achieve 

high yield potential in crop (Mahmoud et al. 2000; Devi et al. 

2003; Lee et al. 2003; abdel-Mawgoud et al. 2005) [14, 6, 13, 1]. 

Nitrogen (N) deficiency is frequently a major limiting factor 

for crops production. (Kizilkaya 2009) [12].  

An adequate supply of nitrogen is associated with vigorous 

vegetative growth and more efficient use of available inputs 

which finally leads to higher productivity. 

In order to be converted to available form it needs to be fixed 

through either the industrial process or through Biological 

Nitrogen Fixation (BNF). An interesting alternative to avoid 

or reduce the use of N-fertilizers could be the exploitation of 

Plant Growth-Promoting Bacteria (PGPB) capable of 

enhancing growth and yield of many plant species, several of 

agronomic and ecological significance. (Jnawali et al 2015) 

[11]. and Azotobacter is among one of them with very 

promising future Azotobacter spp. are non- symbiotic 

heterotrophic bacteria capable of fixing an average 20 kg 

N/ha/per year. (Rajaee et al. 2007) [19]. 

They are cost effective and inexpensive source of plant 

nutrients. Also they do not require nonrenewable source of 

energy during their production and improve crop growth arid 

quality of the product by producing plant hormones which 

helps in sustainable crop production through maintenance of 

soil productivity. 
 

Bacterization help to improve plant growth and to increase 

soil nitrogen through nitrogen fixation by utilizing carbon for 

its metabolism. Thus present study is conducted to evaluate 

the effect of Azotobacter on physico-chemical characteristics 

of soil and soil quality when applied in Azotobacter form to 

onion crop. 

The aim of the study was to examine the effect of PGPR 

Azotobacter chroococcum on germination, growth and yield 

of onion, as well as on the microbiological activity in the 

rhizosphere during the vegetation period of onion. 
 

Materials and methods 
The study was conducted at Department of Biological 

Sciences, SHUATS, Allahabad (U.P.), to evaluate the 

response of bio-fertilizer (Azotobacter) on soil quality in case 

of onion plantation. For achieving the purpose nitrogen in 

supplied to the soil with Azotobacter while phosphorus and 

potash was provided by inorganic fertilizer as per 

recommended dose. There were seven treatment viz T0 

(control NPK 100% RDF), T1:0.33g/m2, T2:0.66g/m2, 

T3:0.99g/m2, T4:1.32g/m2,T5:1.66g/m2, T6:1.99g/m2) the 

experiment layout is (RBD) with seven treatments and three 

replications. According to the treatment the Azotobacter are 

applied before transplanting and 30: 60 days after 

transplanting. given in powdered form of Azotobacter based 

on the idea as being bio organism they will self-replicate in 

soil so may fixed different amount of nitrogen available to 

crop and soil. 

 
Table Soil characteristics of the experimental site 

 

Particulars Sand Silt Clay 
Textural 

class 

Soil 

pH 

EC(dsm-1 

at 

250 C) 

Organic 

carbon 

Available 

nitrogen (k ha-1) 

Available 

phosphorus (k ha-1) 

Available 

potassium (k ha-1) 

Value 

(0-30cm 

depth) 

48.15% 20.30% 30.50% 
Sandy 

Loam 
7.2 

0.708 

dsm-1 0.57% 198.2 18 332 

  

Results and discussion 

The optimum pH (Gonzalez-Lopez 1991). for the growth of 

Azotobacter spp. is near to 7.0. The abundance of these 

bacteria in soil is related to many factors, mostly soil pH and 

fertility (Jnawali et al. 2015) [11]. Study result shows that the 

treatment T6 (7.2) has got lowest pH as compare to all other 

treatments. It’s been observed in a soil sample study that the 

highest population was observed in soil samples with the 

range of pH=7–7.4 and it starts decreasing above 8 or in 

acidic pH (Mazinani et al. 2012) [15]. There is a linear 

relationship (Rousk et al. 2010). between soil bacterial 

communities and pH value as indicated bacterial population 

increases in the range of pH=4–8. The release of organic acids 

during the process of decomposition may be attributed to 

decline in soil pH. Ec was insignificant for different treatment 

was within the range of (0.703dsm-1) to (0.708 dsm-1) 

however the effect of different treatments on EC of soil was 

found in the range values varied from 0.20 to 0.32 dSm–

1.(Rai et al. 2014) [20]. The treatment T6 (0.57%) has recorded 

highest organic carbon. followed by T5 (0.52%). Azotobacter 

presence increases in organic carbon content of the soil. These 

bacteria utilize atmospheric nitrogen gas for their cell protein 

synthesis. This cell protein is then mineralized in soil after the 

death of Azotobacter cells thereby contributing towards 

(Mazinani et al. 2012) [15]. The soil organic matter contents 

were suggested as the factors influencing the microbial 

population (Bashan 1990) [4]. As the Azotobacter population is 

low in dry and temperate zones. The treatment T6 

(222.8kg/ha) has recorded highest nitrogen content and 

nitrogen content which in non significant to T5 (221.2kg/ha). 

Azotobacter spp. are non-symbiotic heterotrophic bacteria ca-

pable of fixing an nitrogen. Bacterization helps to improve 

plant growth and to increase soil nitrogen through nitrogen 

fixation by utilizing carbon for its metabolism similarly result 

was showed the highest nitrogen content and the lowest pH 

value. In the estimation of total Nitrogen of the soil samples it 

was observed range 1.25 to 60.05% (Mazinani et al. 2012) [15]. 

Significant increase was observed in nitrogen up to 30 kg/ha 

in case of safflower seed inoculation with Azotobacter and 

Azospirillum (Naseri and Mirzaei 2010) [16]. Azotobacter has 

important function in soil as they can fix 15-20 kg nitrogen 

/ha (Singh and Singh, 2007) [19]. Azotobacter could save about 

20 kg/h nitrogen in wheat crop (Agrawal et al. 2004) [3]. 

Azotobacter chroococcum saved 25 per cent nitrogen in 

cabbage (Devi et al. 2003) [6]. For sulphur treatment T6 

(18.5kg/ha) has recorded highest sulfur contents followed by 

T5 (18.1 kg/ha). Although cow dung have been proven more 

valuable source of sulphur (0.167mg/g) for onion (Gambo et 

al. 2009) [8]. But there shows significant increase in available 

sulfur content (16.76kg/ha) in onion field when Azotobacter 

was applied in combination of organic manure (Rai et al. 

2014) [20]. 

The treatment T6 (25.4kg/ha) has recorded highest phosphorus 

content and which in non significant to T5 (24.2kg/ha). The 

increase in available phosphorus content of soil due to the 

incorporation of organic manures may be attributed to the 
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direct addition of phosphorus as well as solubilization of 

native phosphorus through release of various organic acids 

during the decomposition of organic matter, similar results 

were obtained. 

 The treatment T6 (347 kg) has recorded highest potassium 

content and followed by T5 (345 kg/ha)The buildup of 

available P and K in the soil could be due to the organic acids 

which were released during microbial decomposition of VC 

increasing the available P and K in soil (Khan et al.1994). 

There was no significant influence on P and K levels in soil 

by this biofertilizers. The applied P and K chemical fertilizer 

also enhanced the P and K availability in soil. 

 
Table 1: Showing effect of different dose of Azettobecter on soil characteristic compared from pre and post analysis of soil. 

 

 
Amount 

g/m2 

Soil 

pH 
EC(dsm-1) 

Organic 

Carbon % 

Nitrogen 

Content Kg/ha 

Phosphorus 

(Kg/ha) 

Potassium 

(kg/ha) 

Sulphur 

Content Kg/ha 

Pre soil analysis  7.5 0.703 0.38 198.2 18 332 9.8 

T1 Control 7.4 0.708 0.52 217.9 18.5 339 14.2 

T2 32 7.4 0.703 0.46 206.5 19 338 12.7 

T3 66 7.3 0.704 0.48 212.3 20 339 14.3 

T4 99 7.3 0.703 0.50 217.0 21.6 340 15.2 

T5 132 7.3 0.708 0.52 219.5 22.8 342 15.2 

T6 166 7.2 0.708 0.52 221.2 24.2 345 18.1 

T7 199 7.2 0.708 0.57 222.8 25.4 347 18.5 

 
Table 2: Effect of Azotobacter on pH of soil sample of onion field 

 

Treatment Initial 50 DAT 75DAT 100DAT 

T0 7.5 7.5 7.3 7.4 

T1 7.5 7.5 7.3 7.4 

T2 7.5 7.5 7.2 7.3 

T3 7.5 7.5 7.2 7.3 

T4 7.5 7.3 7.2 7.3 

T5 7.5 7.4 7 7.2 

T6 7.5 7.3 7 7.2 

F-test  S S S 

SE.d  0.05 0.09 0.05 

CD (5%)  0.11 0.21 0.11 

 
Table 3: Effect of Azotobacter on Electric conductivity dsm-1 of soil sample on onion field. 

 

Treatment Initial 50DAT 75DAT 100DAT 

T0 0.705 0.706 0.707 0.708 

T1 0.705 0.706 0.706 0.703 

T2 0.705 0.705 0.706 0.704 

T3 0.705 0.706 0.707 0.703 

T4 0.705 0.705 0.706 0.708 

T5 0.705 0.707 0.707 0.708 

T6 0.705 0.706 0.707 0.708 

F-test  S S S 

SE.d  0.00 0.00 0.00 

CD(5%)  0.00 0.00 0.00 

 
Table 4: Effect of Azotobacter on organic carbon contents of onion field. 

 

Treatment Initial 50 DAT 75DAT 100DAT 

T0 0.38 0.40±0.01 0.49±0.0057 0.52±0.0057 

T1 0.38 0.42±0.005 0.42±0.0057 0.46±0.0057 

T2 0.38 0.42±0.0 0.43±0.0057 0.48±0.0057 

T3 0.38 0.42±0.005 0.43±0.0057 0.50±0.01 

T4 0.38 0.42±0.01 0.44±0.01 0.52±0.01 

T5 0.38 0.43±0.005 0.45±0.02 0.52±0.0057 

T6 0.38 0.43±0.01 0.46±0.01 0.57±0.0057 

F-test  S S S 

SE.d±  0.01 0.01 0.01 

CD (5%)  0.01 0.02 0.01 
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Table 5: Effect of Azotobacter on nitrogen contents (Kg/ha) of onion field. 
 

Treatment initial 60 day 80 day 100day 

T0 198.8 207.2 ±1.03 210.8 ±1.42 217.9 ±1.68 

T1 198.8 202.3 ±2.18 204.0 ±3.00 206.5 ±1.00 

T2 198.8 204.2 ±4.05 205.7 ±3.06 212.3 ±2.02 

T3 198.8 204.5 ±1.00 210.4 ±2.00 217.0 ±1.97 

T4 198.8 207.2 ±0.01 212.5 ±1.00 219.5 ±1.32 

T5 198.8 210.5 ±0.75 215.1 ±1.00 221.2 ±2.00 

T6 198.8 210.5 ±2.03 216.9 ±2.00 222.8 ±.53 

F-test  S S S 

SE.d  1.76 1.59 1.13 

CD (5%)  3.83 3.45 2.46 

 
Table 6: Effect of Azotobacter on Phosphorus (Kg/ha) contents of onion field 

 

Treatment Initial 50 DAT 75DAT 100day 

T0 13.5 14.3±14.4 16±0.40 18.5±0.07 

T1 13.3 14.5±0.35 17±0.57 19±0.71 

T2 13.5 15.4±0.14 17.5±0.21 20±0.71 

T3 13.5 16.5±0.30 18.2±0.49 21.6±0.85 

T4 13.5 17.8±0.14 19.5±1.41 22.8±1.98 

T5 13.5 19.2±0.07 20±1.77 24.2±0.14 

T6 13.5 20.6±0.14 21.5±2.83 25.4±0.14 

F-test  S S S 

SE.d  0.23 0.81 0.70 

CD(5%)  0.49 1.76 1.53 

 
Table 7: Effect of Azotobacter on Potassium contents (kg/ha) of onion field. 

 

Treatment Initial 50 DAT 75DAT 100day 

T0 332 334±1.00 315±0.42 339±0.42 

T1 332 333±0.35 313±0.71 338±1.06 

T2 332 335±0.50 314.2±0.20 339±0.85 

T3 332 335.8±0.34 316.2±0.14 340±1.41 

T4 332 337±0.31 318.5±0.14 342±0.35 

T5 332 338±0.29 319±0.35 345±0.49 

T6 332 340±0.27 321.5±0.35 347±0.14 

F-test  S S S 

SE.d  0.78 0.43 0.96 

CD(5%)  1.71 0.94 2.09 

 
Table 8: Effect of different doses of Azotobacter on sulphur contents of onion field. 

 

Treatment Initial 50 DAT 75DAT 100day 

T0 9.8 10.2 ±0.06 11.4 ±0.08 14.2 ±0.03 

T1 9.8 10.3 ±0.21 10.4 ±0.56 12.7 ±0.88 

T2 9.9 10.5 ±0.48 11.2 ±0.02 14.3 ±0.02 

T3 9.8 10.4 ±0.03 11.3 ±0.02 15.2 ±0.05 

T4 9.8 10.7 ±0.03 11.4 ±0.03 15.2 ±0.11 

T5 9.8 11.6 ±0.02 12.1 ±0.08 18.1 ±0.65 

T6 9.8 11.8 ±.03 13.3 ±0.02 18.5 ±0.22 

F-test  S S S 

SE.d  0.17 0.05 0.35 

CD(5%)  0.27 0.10 0.77 
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Fig 1: Effect of different doses of Azotobacter on pH of soil sample 

of onion field 

 

 
 

Fig 2: Effect of Azotobacter on electrical conductivity (dsm-1) of soil 

sample on onion field 

 

 
 

Fig 3: Effect of different doses of Azotobacter on organic carbon 

content (%) of onion field. 

 

 
 

Fig 4: Effect of different doses of Azotobacter on nitrogen content 

(kg/ha) on onion field. 

 
 

Fig 5: Effect of different doses of Azotobacter on phosphorus 

content (kg/ha) of onion field. 

 

 
 

Fig 6: Effect of different doses of Azotobacter on potassium content 

(kg/ha) of onion field. 

 

 
 

Fig 7: Effect of different doses of Azotobacter on sulphur contents 

of onion field. 

 

Conclusion  

Present study may conclude that Azotobacter influences 

positively on However among different treatments T5 and T6 

show optimum results. Application of Azotobacter also It 

helps to increase nutrient availability and to restore soil 

fertility for better crop response. It is an important component 

of integrated nutrient management system due to its 

significant role in soil sustainability. This research is 

necessary in future to explore the potentiality of Azotobacter 

in soil fertility and improved soil quality  
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