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ABSTRACT 
 

To study the integrated effects of reduced dose of chemical fertilizer with different methods and 

times of application of Rhizobium biofertilizer on soil health and fertility under mung bean (Vigna 

radiata) cropping, field experiments were carried out during three years (2009, 2010, and 2011) in 

West Bengal, India, in randomized block design. In the first year, varietal screening of mung bean 

under recommended dose of chemical fertilizer (20:40:20) were performed with five available 

varieties adapted to local climate. Reduced nitrogen fertilizer doses (20%, 30%, 40%, 50%, and 

60%) and the recommended dose, as well as the Rhizobium biofertilizer application (basal, soil, 

and spray), were done, and data were recorded for pH, electrical conductivity, organic carbon, total 

nitrogen, total phosphorus, total potassium, and bacterial population of soil, both before sowing and 

after harvesting. The results indicated significant improvement in the soil quality with gradual 

buildup of soil macronutrient status after harvesting of crop. Application of biofertilizer has 

contributed significantly towards higher soil organic matter, nitrogen, phosphorus, and potassium. 

The use of biofertilizer significantly improved soil bacterial population count in the soil thereby 

increasing the soil health. 
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INTRODUCTION 

 

For over half a century, the world has relied on 

increasing crop yields to supply an ever increasing 

demand for food (Abd-Alla et al. 2014). Soil plays a 

major role in determining the sustainable productivity 

of an agro-ecosystem (Abd-Alla et al. 2014). However, 

the low soil fertility has raised the concerns about the 

sustainability of agricultural production. The deficiency 

of micronutrients has become major constraint to 

productivity, stability, and sustainability of soils (Bell 

and Dell 2008). Strategies for increasing agricultural 

productivity focused on efficient use of available 

nutrient and effectively on sustainable basis for 

maintaining soil health. For sustainable agriculture, 

integrated management of the nutrients is needed for 

proper plant growth along with effective use of 

resources, such as crop, water, soil, and land 

management. Secondly, owing to the ever increasing 

cost of inorganic chemical fertilizers, the integration of 

inorganic fertilizers with organic manures and crop 

residues has become imperative for sustained crop 

production and maintenance of soil health (Babulkar et 

al. 2000). With the increased cost of inorganic 

fertilizers, application of recommended dose is difficult 

to be afforded by the small and marginal farmers. 

Hence, renewable and low cost sources of plant 

nutrients for supplementing and complementing 

chemical fertilizers should be substituted by which can 

be affordable to the majority of farming community. In 

this context, integrated nutrient management would be 

a viable strategy for advocating judicious and efficient 

use of chemical fertilizers with matching addition of 

organic manures and biofertilizers. 

      Long term addition of fertilizers along with manure 

help to bring soil pH towards neutral, to increase the 

content of soil organic carbon, and the availability of 

macronutrients [nitrogen (N) , phosphate (P), 

potassium (K)] and micronutrients [iron (Fe), 

manganese (Mn), zinc (Zn), copper (Cu), boron (B)] 

and to improve physical properties leading to 

sustainance of fertility (Maji and Mondal 2004). 

Rhizobium inoculation is a well-known agronomic 

practice to ensure adequate nitrogen of legumes 

instead of N-fertilizer (Gupta 2004). In root nodules, 

the oxygen (O) level is regulated by special 

hemoglobin called leg-hemoglobin. This globin protein 

is encoded by plant genes but the heme cofactor is 

made by the symbiotic bacteria. This is only produced 

when the plant is infected with Rhizobium. The plant 

root cells convert sugar to organic acids which they 

supply to the bacteroids. In exchange, the plant will 

receive amino-acids rather than free ammonia. 

Symbiotic N-fixer and phosphate solubilizing 

microorganisms play an important role in 

supplementing N and P to the plant, allowing a 

sustainable use of N and phosphate fertilizers 

(Tambekar et al. 2009). 

     Currently, there is an emerging demand to 

decrease the dependence on chemical fertilizers and 

increase the sustainability of agriculture (Abd-Alla et al. 

2014). Wang et al. (2011) reported that during the past 

50 years, the widespread use of chemical fertilizers to 

supply N and P has had a substantial impact on food 

production, and has become a major input in crop 

production around the world. Today, only 30-50% of 

applied N-fertilizer and 10-45% of P-fertilizer are taken 

up by crops (Adesemoye and Kloeppe 2009). 

      Therefore, world agricultural practices focused on 

the reduction of chemical fertilizer. However, no 

information is available about the effect of combined 

inoculation with Rhizobium biofertilizer and reduction 

dose of chemical fertilizer along with various methods 

of biofertilizer application on soil health. The objective 

of this study was to investigate the effects of 

Rhizobium biofertilizer and chemical fertilizer along 

with the application of biofertilizer on the soil health 

under old alluvial soil zone of Burdwan, West Bengal. 

 

MATERIAL AND METHODS 

 

Field experiments were carried out during summer 

season of 2008-09, 2009-10, and 2010-11 at the Crop 

Research and Seed Multiplication Farm of Burdwan 

University, India (Latitude 67
o 

50’ 51’’ N and longitude 

23
o 

15’ 12’’ E). The source of chemical fertilizer 

includes urea as N-fertilizer, single superphosphate as 

P-fertilizer, and muriate of potash as K-fertilizer. Pure 

culture of Rhizobium was used as bacterial biofertilizer 

and was collected from Exploration India, Research 

and Development Wing, Burdwan Institute of 

Management and Computer sciences, Burdwan, West 

Bengal, India. In 2009-10, five varieties of mung been 

[V1-NORMAL, V2-PDM-11, V-PDM-139, V3-PDM-54, 

V4-PDM-139, V5-PUSHA-9531, and V6-PANT MUNG] 

were cropped under recommended dose of chemical 

fertilizer (Directorate of Agriculture, Government of 

India). During the summer season 2010, we performed 

one field experiment with different reduced dose of    

N- and P-fertilizer along with recommended dose of K 

which includes T1 (20% less nitrogen + 25% less 

phosphate + recommended dose of potassium); T2 

(30% less N + 25% less P + recommended dose of K); 

T3 (40% less N + 25% less P + recommended dose of 

K); T4 (50% less N + 25% less P + recommended dose 

of K); T5 (60% less N + 25 % less P + recommended 

dose of K); and T6 (recommended dose i.e. 20:40:20). 

In 2010-11, the treatment combination was T1 (as 

basal application 1.5 kg ha
-1

 + 0.75 kg ha
-1

 as spray on 

21 days after sowing (DAS) + 0.75 kg ha
-1

 as spray on 
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42 DAS); T2 (basal application 3 kg ha
-1

); T3 (1.5 kg ha
-1

 

as basal application + 1.5 kg ha
-1

 as soil application on 

21 DAS); T4 (1.5 kg ha
-1

 as basal application + 1.5 kg 

ha
-1

 as spray on 21 DAS); T5 (0.75 kg ha
-1

 as basal 

application + @ 1.5 kg ha
-1

 as soil application on       

21 DAS + 0.75 kg ha
-1

 as soil application on 42 DAS. 

The experiment was carried out in a randomized block 

design (RBD), with three replicates, during three 

consecutive years. The experimental plot size was 5 m 

x 5 m with row to row spacing, and plant to plant 

spacing was 30 cm and 15 cm, respectively. 

      The Rhizobium biofertilizer was obtained from 

Exploration India, Research and Development Wing, 

Burdwan Institute of Management Science. The 

bacteria were isolated from the roots of leguminous 

pea plants of adjoining agricultural fields of Burdwan 

district. The strain of Rhizobium was grown on 

selective medium. After 48 hours, cells were harvested 

by centrifugation (6000 x g for 10 min). Cell pellets 

were washed twice with sterile water. Washed cells 

were mixed with sterilized charcoal and used as 

inoculum for the seed treatments in the field trials. 

      Soil samples were collected prior to layout of the 

experiment and after harvesting of crops for three 

consecutive years. Soil samples were collected from  

0-30 cm depth, randomly from three selected spots 

using soil augur. After soil collection, it is transferred 

into thick quality polythene bags and taken to the 

laboratory for further analysis. In the laboratory, the 

soil sample was air dried and then ground by using a 

wooden pestle and mortar and sieved through the       

2 mm mesh size sieve. After sieving, the refined 

material is used for soil physico-chemical analysis. 

      Soil pH was determined using 1:10 soil/water 

extract and conductivity was measured using            

1:2 soil/water extract. Ntotal content was determined by 

using the Kjeldahl method and available P content by 

using the Olsen’s method (Olsen et al. 1954). Soil 

moisture content was measured by the gravimetric 

method and cation exchange capacity according to 

Schollenberger and Dreibelbis (1930). Organic carbon 

was determined by potassium dichromate oxidation 

according to Walkley and Black (1934). Ptotal and Ktotal 

were analyzed by following Olsen’s method         

(Olsen et al. 1954). For soil microbiological analysis of 

the experimental soil, fresh soil sample were collected 

both before land preparation and after harvesting     

and microbial assay were done following the method   

of Waksman (1922) to enumerate the number of 

bacteria. 

      All the replicated data of three years were analyzed 

by one way analysis of variance, and then the relevant 

data were statistically analyzed for Duncan’s Multiple 

Range Test using the software package STATISTICA 

(Stat Soft Inc., USA). 

RESULTS AND DISCUSSION 

 

Soil pH. Soil samples analyzed for pH studies, before 

sowing of seeds and after harvesting of crops in the 

experimental field during 2009, reveals that the soil pH 

before sowing of seeds remained between 6.72 (V5) 

and 6.93 (V3) and after harvesting the minimum value 

was recorded in V3 (6.89) and the maximum value in 

V1 (7.231) (Table 1). 

      In all cases, excepting V3, the pH value rises up 

after the harvesting of crops. The increase and 

decreasing trend of soil pH before sowing and after 

harvesting might be due to application of 

recommended dose of chemical fertilizer (20:40:20). 

The results of the present investigation are in 

agreement with the findings of Ramteke et al. (1998). 

No significant difference in pH values was recorded 

before sowing of seeds and after harvesting of crops 

(Table 1). Before sowing of seeds, pH value of soil 

ranged between 6.79 (T6) to 6.97 (T2), and after 

harvesting the value remained between 6.86 (T5) and 

7.44 (T1). In 2010, soil pH value increased up to 40% 

of N-fertilizer and then decreased with higher reduction 

of N-fertilizer. Soil pH decreased with increased level 

of N-fertilizer (50% and 60% reduction of N-fertilizer) 

after harvesting of crops which may be due to the 

production of organic acids (amino acid, glycine, 

cysteine, and humic acid) during mineralization 

(ammonization and ammonification) of indigenous 

organic materials by heterotrophs and nitrification by 

autotrophs (Banerjee et al. 2011). Significant 

difference among treatments, both before sowing of 

seeds and after harvesting of crop, was verified. 

      In 2011, the minimum and maximum values of soil 

pH before sowing of seeds ranged between 6.534 (T2) 

to 6.861 (T5), and after harvesting it was 6.641 (T2) and 

6.892 (T5). No significant difference was observed. 

There is an alternative increasing and decreasing 

pattern of soil pH among various modes of application 

of Rhizobium biofertilizer might be attributed towards 

different influence of Rhizobial culture towards 

regulating soil pH at soil of rhizosphere of mung bean 

plants. From the results, it can be said that basal and 

soil application were found to be stimulatory towards 

increasing soil pH after harvesting (Table 1). 

 

Electrical conductivity (EC). The results show that 

the EC of soil was significantly influenced by the 

different treatments in all the three years of 

experiment. During 2008-09, EC of soil showed a 

decreasing trend in comparison to its level before 

preparation of field which might be due to the 

accumulation of salts liberated from the chemical 

fertilizers (Khiani and Moore 1984, Patil 1997). In 

2010, the EC value decreased in soil after harvesting 
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Table 1. Soil pH (before sowing and after harvesting) under mung bean cultivation. 

Variety 2009 Treatment 2010 2011 

Before After Before After Before After 

V1 6.913 b 7.230 a T1 6.923 d 7.443 a 6.733 d 6.716 d 

V2 6.812 d 7.180 b T2 6.966 b 7.074 d 6.534 e 6.641 e 

V3 6.933 a 6.890 d T3 6.803 f 7.113 c 6.740 c 6.736 c 

V4 6.851 c 7.150 b T4 6.982 a 6.861 e 6.793 b 6.852 b 

V5 6.723 f 7.180 b T5 6.941 c 6.856 e 6.861 a 6.892 a 

V6 6.770 e 7.070 c T6 6.790 e 7.140 b   

Note: Means followed by the same letter within a treatment are not significantly different at 5% level using Duncan’s multiple range test. Means of three replicates 

are taken.  

 

 
Table 2. Electrical conductivity of soil (before sowing and after harvesting) under mung bean cultivation. 

Variety 2009 Treatment 2010 2011 

Before (ms) After (ms) Before (ms) After (ms) Before (ms) After (ms) 

V1 0.184 b 0.106 d T1 0.220 c 0.127 d 0.116 e 0.188 b 

V2 0.211 a 0.157 b T2 0.240 a 0.206 a 0.211 b 0.165 c 

V3 0.184 b 0.140 c T3 0.211 d 0.147 b 0.144 c 0.147 d 

V4 0.122 d 0.106 d T4 0.130 e 0.101 f 0.167 d 0.202 a 

V5 0.144 c 0.207 a T5 0.231 b 0.141 c 0.220 a 0.163 c 

V6 0.124 d 0.105 d T6 0.220 c 0.117 e   

Note: Means followed by the same letter within a treatment are not significantly different at 5% level using Duncan’s multiple range test. Means of three replicates 

are taken. 

 

 
Table 3. Organic carbon of soil (before sowing and after harvesting) under mung bean cultivation. 

Variety 2009 Treatment 2010 2011 

Before (%) After (%) Before (%) After (%) Before (%) After (%) 

V1 0.801 e 0.783 c T1 0.892 a 0.793 c 0.745 c 0.765 c 

V2 0.857 c 0.433 f T2 0.842 b 0.614 e 0.822 b 0.850 b 

V3 0.890 b 0.890 b T3 0.831 c 0.863 a 0.678 d 0.755 d 

V4 0.867 d 0.761 e T4 0.743 d 0.860 a 0.633 e 0.852 b 

V5 0.950 a 0.910 a T5 0.831 c 0.836 b 0.863 a 0.867 a 

V6 0.851 c 0.763 d T6 0.740 d 0.740 d   

Note: Means followed by the same letter within a treatment are not significantly different at 5% level using Duncan’s multiple range test. Means of three replicates 

are taken. 

 

 
Table 4. Total nitrogen of soil (before sowing and after harvesting) under mung bean cultivation. 

Variety 2009 Treatment 2010 2011 

Before (%) After (%) Before (%) After (%) Before (%) After (%) 

V1 0.033 c 0.120 c T1 0.113 a 0.106 a 0.063 b 0.076 b 

V2 0.060 a 0.083 d T2 0.096 c 0.076 c 0.053 d 0.070 b 

V3 0.053 b 0.127 b T3 0.103 b 0.080 b 0.103 a 0.073 b 

V4 0.060 a 0.070 e T4 0.076 e 0.076 c 0.046 e 0.056 c 

V5 0.053 b 0.073 e T5 0.080 d 0.073 c 0.063 b 0.083 a 

V6 0.053 b 0.700 a T6 0.083 d 0.106 a   

Note: Means followed by the same letter within a treatment are not significantly different at 5% level using Duncan’s multiple range test. Means of three replicates 

are taken. 

 

 
Table 5. Total phosphate of soil (before sowing and after harvesting) under mung bean cultivation. 

Variety 2009 Treatment 2010 2011 

Before (kg ha
-1
) After (kg ha

-1
) Before (kg ha

-1
) After (kg ha

-1
) Before (kg ha

-1
) After (kg ha

-1
) 

V1 140.941 b 158.482 b T1 155.362 b 144.650 b 154.055 a 167.393 b 

V2 134.321 d 146.640 c T2 149.920 c 144.966 b 155.114 a 154.363 c 

V3 141.521 b 140.381 d T3 151.830 c 146.222 a 146.003 b 142.006 e 

V4 145.633 a 159.511 a T4 145.324 d 134.274 d 122.421 c 180.256 a 

V5 138.534 c 134.176 e T5 152.060 b 144.623 b 111.361 d 144.321 d 

V6 147.431 a 161.472 a T6 170.515 a 144.344 c   

Note: Means followed by the same letter within a treatment are not significantly different at 5% level using Duncan’s multiple range test. Means of three replicates 

are taken. 
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Table 6. Total potassium of soil (before sowing and after harvesting) under mung bean cultivation. 

Variety 2009 Treatment 2010 2011 

Before (kg ha
-1
) After (kg ha

-1
) Before (kg ha

-1
) After (kg ha

-1
) Before (kg ha

-1
) After (kg ha

-1
) 

V1 310.001 c 167.601 a T1 188.653 c 224.203 a 244.321 a 245.231 a 

V2 276.021 d 159.970 b T2 193.312 b 185.774 b 167.876 d 169.796 b 

V3 286.011 c 128.476 c T3 144.620 d 180.870 c 155.463 e 158.573 c 

V4 322.113 a 129.270 c T4 125.810 e 162.586 d 203.144 c 166.542 b 

V5 311.012 c 114.243 d T5 200.016 a 151.842 e 222.843 b 152.225 d 

V6 318.011 b 130.675 c T6 149.473 d 150.335 e   

Note: Means followed by the same letter within a treatment are not significantly different at 5% level using Duncan’s multiple range test. Means of three replicates 

are taken. 

 

Table 7. Bacterial population (CFU g dry soil
-1

 x 10
-6

) in soil (before sowing and after harvesting) under mung bean cultivation. 

Variety 2009 Treatment 2010 2011 

Before After Before After  Before After 

V1 12 c 13 e T1 48 a 53 b 42 c 59 c 

V2 18 a 21 c T2 36 c 46 c 56 a 63 b 

V3 13 b 20 c T3 42 b 62 a 35 d 52 d 

V4 13 b 25 b T4 36 c 53 b 40 c 50 d 

V5 19 a 31 a T5 39 c 54 b 51 b 88 a 

V6 10 c 18 d T6 45 b 47 c   

Note: Means followed by the same letter within a treatment are not significantly different at 5% level using Duncan’s multiple range test. Means of three replicates 

are taken. 

 

Table 8. Correlation between pH, organic carbon, electrical conductivity, total nitrogen, total phosphate, total potassium and 

bacterial population in experimental soil after harvesting in 2009. 

  Grain yield pH Organic 

carbon 

Electrical 

conductivity 

Total 

nitrogen 

Total 

phosphate 

Total 

potassium 

Bacterial 

population 

Grain yield 1        

pH -0.671
**
 1       

Organic carbon -0.348 -0.319 1      

Electrical cond. 0.337 0.006 0.811
**
 1     

Total nitrogen 0.771
**
 -0.505

**
 -0.472

*
 -0.369 1    

Total phosphate -0.005 0.393 -0.817
**
 -0.909

**
 0.042 1   

Total potassium 0.384 0.418
*
 -0.896

**
 -0.513

**
 0.374 0.576

**
 1  

bacterial 

population 

-0.642
**
 0.004 0.917

**
 0.709

**
 -0.769

**
 -0.569

**
 -0.843

**
 1 

** p<0.01; * p<0.05 

 

Table 9. Correlation between pH, organic carbon, electrical conductivity, total nitrogen, total phosphate, total potassium and 

bacterial population in experimental soil after harvesting in 2010. 

 Grain yield pH Organic 

carbon 

Electrical 

conductivity 

Total 

nitrogen 

Total 

phosphate 

Total 

potassium 

Bacterial 

population 

Grain yield 1        

pH 0.737
**
 1       

Organic carbon -0.753
**
 -0.233 1      

Electrical cond. 0.292 0.052 -0.729
**
 1     

Total nitrogen 0.728
**
 0.798

**
 -0.123 -0.369 1    

Total phosphate 0.019 0.104 -0.116 0.431
*
 -0.025 1   

Total potassium 0.420
*
 0.811

**
 -0.149 0.226 0.358 -0.027 1  

bacterial 

population 

-0.195 0.142 0.395 -0.117 -0.095 -0.420
*
 0.252 1 

** p<0.01; * p<0.05 

 

Table 10. Correlation between pH, organic carbon, electrical conductivity, total nitrogen, total phosphate, total potassium and 

bacterial population in experimental soil after harvesting in 2011. 

 Grain yield pH Organic 

carbon 

Electrical 

conductivity 

Total 

nitrogen 

Total 

phosphate 

Total 

potassium 

Bacterial 

population 

Grain yield 1        

pH 0.624
**
 1       

Organic carbon 0.481
*
 0.624

**
 1      

Electrical cond. -0.359 0.252 0.312 1     

Total nitrogen -0.089 0.008 -0.175 -0.602
**
 1    

Total phosphate 0.375 0.099 0.196 0.972
**
 -0.745

**
 1   

Total potassium -0.938
**
 -0.384 -0.521

**
 0.454

*
 0.110 0.044 1  

bacterial 

population 

0.122 0.236 0.332 -0.446
*
 0.864

**
 -0.629

**
 0.159 1 

** p<0.01; * p<0.05 
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in comparison to before sowing in all the N-fertilizer 

reduction doses. In 2011, the results reveal that 

treatments T1, T3, and T4 were favorable towards 

improving the soil conductance through application of 

Rhizobium biofertilizer. This, therefore, indicates that 

the different modes (basal, soil, and spray) of 

application of Rhizobium biofertilizer at different 

periods of crop growth have improved significantly the 

soil conductivity after harvesting of crop. This further 

suggests that integrated application of Rhizobium 

biofertilizer and chemical fertilizer have contributed 

significantly towards the increase in buffering capacity 

of the soil. The decomposition of organic materials 

release acids or acid forming compounds that react 

with the sparingly soluble salts already present in the 

soil and either convert them into soluble salts or at 

least increased their solubility and, so that increasing 

the conductivity value. The results of the present 

investigation are in agreement with the findings of 

Khiani and Moore (1984). In 2009, there were no 

significant differences in soil conductivity value. In 

2010, the result was insignificant in the soil both before 

the sowing of seeds and after harvesting of the crop 

(Table 2). 

 

Organic Carbon (OC). In 2009, the OC level before 

sowing of seeds in the field lies between 0.801% (V1) 

and 0.950% (V5), and after harvesting of crop the soil 

organic carbon content varies between 0.433% (V2) 

and 0.950% (V5). In both cases, significant differences 

in the OC level of soil were observed. There was 

significant amount of decrease in the level of soil OC 

under the recommended dose of chemical fertilizer 

during the first year which may be attributed to 

deleterious effect of chemical fertilizer leading to 

formation of improper stable aggregates and therefore 

low OC content in soil after harvesting (Banerjee et al. 

2011). During 2010, there was progressive increase in 

OC of soil from treatment T3 to T5 with higher reduction 

of application of N-fertilizer. This, therefore, indicates 

that reduction of N-fertilizer application may be 

stimulatory towards maintaining higher OC level in soil. 

Significant differences were observed among the 

various treatments of N-fertilizer reduction. In 2011, 

there was a steady increase in the level of OC in soil 

after post harvesting in comparison to before sowing in 

various modes (soil, basal, and spray) and time of 

application of Rhizobium biofertilizer. The gradual 

buildup of soil OC status in 2010-2011 may be 

attributed towards integrated application of chemical 

fertilizer and Rhizobium biofertilizer. Under the 

influence of biofertilizer, decomposition of complex 

organic matter in compost and subsequent conversion 

to mineralized organic colloids took place, which was 

added to the soil organic carbon pool. The results of 

the present investigation are in agreement with the 

findings of Ramaswami and Son (1997). No significant 

differences both before sowing of seeds and after 

harvesting of crop were found (Table 3). 

 

Total Nitrogen (N). The N content of soil before 

sowing of seed and after harvesting of crop in 2009, 

2010, and 2011 has been presented in Table 4. In 

2008-09, N content in soil was more taken after 

harvesting of crop as compared to the N content in soil 

before land preparation which may be due to lack of 

balanced dose of nutrients as well as low uptake by 

the crop plants and therefore increasing the N status of 

soil. The results of the present investigation are in 

agreement with the findings of Nephade and 

Wankhade (1987). No significant difference among the 

soils where sown among the different varieties of mung 

bean were sown in 2009. During the present 

investigation, the level of N in soil under mung bean 

cropping reveals a declining trend in all the treatments 

of N-fertilizer reduction doses when compared to 

control (recommended dose of chemical fertilizer for 

mung bean cropping). The reduction of variable rate of 

N-fertilizer application may have contributed 

significantly towards lesser inputs of nitrogen in the soil 

leading to lesser availability in soil after harvesting. In 

2010, there was no significant difference in N content 

in both the soil before sowing of seeds and after 

harvesting of crops. In 2011, the modes of application 

of Rhizobium biofertilizer at various stages of crop 

growth have contributed significantly towards higher 

level of N in soil after harvesting. The results further 

indicates that the positive interaction between the 

applied biofertilizer (Rhizobium) and the soil 

components as well as biological fixation of 

atmospheric N by bacterial fertilizers have provided 

significantly contribution towards higher level of N in 

soil. No significant difference in relation to different 

mode and dates of biofertilizer application was 

observed. The results of the present investigation are 

in agreement with the findings of Das et al. (2008). 

 

Total phosphate (P). The P content in soil before 

sowing of seeds and harvesting of crop were measure 

in 2009, 2010, and 2011 has been presented in Table 

5. During the present investigation, there is a 

significant level of variation in P content in soil after 

harvesting when compared to before sowing. This 

variability might be attributed towards the differential 

rate of nutrient uptake capacity of the six varieties of 

mung bean during 2008-2009. No significant difference 

in P content under such varietal performance of 2009 

was observed. In 2010, different reduced level of N 

and fixed reduced dose of P were applied to evaluate 

the yield performance of mung bean under such old 
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alluvial soil zone, the level of P in soil before sowing of 

seeds in field were higher than after harvesting of crop 

for every treatment which might be due to integrated 

effect of lesser fertilizer input as well as higher amount 

of crop uptake due to higher mobilization of P in soil. 

This, therefore, indicates that optimum chemical 

fertilizer application could be effective towards lesser 

agropollution (Banerjee et al. 2011). In 2011, the 

combined application Rhizobium biofertilizer at various 

modes and time of application at various stages of 

crop growth have provided higher level of P in soil after 

harvesting (Table 5). 

 

Total Potassium (K). The K content was analyzed in 

different plots of the experimental field before sowing 

of seeds and after harvesting of crop during the 

cropping season of 2009, 2010, and 2011 respectively. 

All data have been presented in Table 6. The results of 

the present study show that level of available K 

increased in the post harvesting soil as compare to soil 

before land preparation for sowing which may be 

attributed towards the higher rate of nutrient uptake 

capacity of the six varieties of mung bean during 2008-

2009. After harvesting, significant differences among 

the varieties were recorded. During 2010, treatments 

T1, T3, T4, and T6 reflected higher level of total K in soil 

after harvesting of crops when compared to before 

sowing. Treatment T2 and T5 revealed lesser K level in 

soil after harvesting in comparison to before sowing. 

This variability in results might be attributed towards 

the relative efficiency of mung bean plants in relation to 

nutrient uptake from soil. There is no such influence of 

application of K-fertilizer as in all the treatments the 

amount of K-fertilizer was fixed. In 2011, there is a 

progressive increase in K content in soil after 

harvesting up to T3 and then declining trend were 

recorded for T4 and T5 treatment. The integrated 

application of Rhizobium biofertilizer in different modes 

and at various stages of crop growth along with 

chemical fertilizer might have interactive effects on 

improving soil K level in post harvesting soil. The 

declining trend for soil K in post harvesting soil in T4 

and T5 treatment might be due to excessive uptake of 

K by the crops under greater mobilization in the soil 

and plant system under the influence of the applied 

biofertilizer (Banerjee et al. 2011). 

 

Bacterial Population (BP). The BP count of soil under 

mung bean cropping was done in all the years of 

experiment before sowing of seeds and after 

harvesting of crop and is described in Table 7. In 2009, 

the lowest number (10x10
-6 

CFU g dry soil
-1

) of BP was 

noted in V6 and maximum (18x10
-6

 CFU g dry soil
-1

) in 

V2 before sowing of seeds. After harvesting of crop, the 

soil sample showed minimum (13x10
-6

 CFU g dry soil
-1

) 

in V1 and maximum (31x10
-6

 CFU g dry soil
-1

) in V5 BP. 

There was a progressive increase in total bacterial 

count in post harvesting soil, indicating that cropping of 

leguminous significantly improves the population of 

root nodule bacteria Rhizobium which adds to the 

indigenous population of bacteria present in the soil. In 

2010, the total BP count increased gradually in post 

harvesting soil when compared to soil before sowing. 

This might be due to development of optimum growth 

condition for bacterial colonies with rapid multiplication 

rate under lesser chemical fertilizer inputs under field 

condition. During 2011, the total BP count in post 

harvesting soil was higher when compared to soil 

before sowing which might be attributed towards rapid 

multiplication of bacteria applied through seed 

inoculation and soil application in preferable medium of 

soil organic matter. This therefore indicates that 

chemical fertilizer at the recommended dose is not 

congenial for growth of bacteria whereas its reduced 

dose along with biofertilizer inoculation by various 

modes and different time of application resulted into 

more growth of bacterial population under such 

investigations (Banerjee et al. 2011). 

      Results from the correlation studies are described 

in Tables 8, 9, and 10. In 2009, it was observed that 

pH was in correlation with OC, N, K, and EC, revealing 

that the pH value correlated positively at 1% level with 

grain yield only. In 2010, pH value correlated positively 

N and P at 1% level. In 2011, pH correlated positively 

with OC at 1% level. The correlation studies of soil EC 

with other soil parameters were done and it was found 

that EC level was correlated positively with total 

phosphate at 1% level. In 2010, the EC level sowed 

positive correlation at 1% level with OC of soil. In 2011, 

a positive correlation between EC of soil with N and P 

at 1%, and with K at 5% level was observed. In 2009, 

OC showed positive correlation at 1% level with P and 

K and at 5% level with N. In 2010, the positive 

correlation between OC was noted at 1% level with 

EC. In 2011, OC showed positive correlation with pH at 

1% level. In 2009, correlation studies evidenced that N 

showed positive correlation with OC at 5% level. In 

2010, correlation studies reveal positive correlation of 

N with pH of soil at 1% level. In 2011, a positive 

correlation of N with P, K, and EC at 1% level was 

verified. It was found that P correlated positively at 5% 

with OC and at 1% level with EC. In 2010, P showed 

positive correlation with EC at 5% level. In 2011, P 

correlated positively at 1% level with N. A positive 

correlation of K with OC at 1% level during varietal 

performance was observed. During 2010, K content 

correlated positively at 1% level with pH. In 2011, K 

showed positive correlation with OC at 1% level. In 

2010, positive correlation at 5% level was found 

between BP and P. In 2011, the correlation value 
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reveals positive correlation of BP with N and P at 1% 

level and EC at 5% level. 

 

CONCLUSION 

 

The main conclusion of the present investigation 

includes that the integrated nutrient management 

system, such as use of different reduced dose of 

nitrogenous chemical fertilizer and different modes and 

time of application of Rhizobium biofertilizer, improves 

significantly the soil fertility in terms of soil 

macronutrient status as well as soil health in terms of 

increased microbial population in soil .The use of 

biofertilizers have resulted in higher soil organic 

matter, N, available P and K. Thus, through integrated 

nutrient management practices, such as application of 

biofertilizer and compost soil, can improve 

considerably the soil fertility and soil health. 
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RESUMO 
 

Efeitos integrados de baixas doses de adubo nitrogenado e 

modo de aplicação de biofertilizante sobre a saúde do solo em 

sistema de cultivo de feijão-mungo-verde. Experimentos no 

campo, em delineamento de blocos casualizados, foram realizados 

durante três anos (2009, 2010 e 2011) em West Bengal, Índia, para 

estudar os efeitos integrados de baixas doses de adubo químico 

com diferentes métodos e épocas de aplicação de biofertilizante à 

base de Rhizobium sobre a saúde e a fertilidade do solo cultivado 

com feijão-mungo-verde. No primeiro ano, foi realizada seleção 

varietal da cultura sobre a dose recomendada de fertilizante químico 

(20:40:20), com cinco variedades disponíveis adaptadas ao clima 

local. Doses baixas de adubo nitrogenado (20%, 30%, 40%, 50% e 

60%) e a dose recomendada, além da aplicação do biofertilizante à 

base de Rhizobium, foram feitos e os dados foram coletados para 

pH, condutividade elétrica, carbono orgânico, nitrogênio total, fósforo 

total, potássio total e população bacteriana do solo, tanto antes da 

semeadura quanto depois da colheita. Os resultados indicaram 

aumento significativo na qualidade do solo com acúmulo gradual do 

estado nutricional de macronutrientes do solo depois da colheita da 

cultura. A aplicação do biofertilizante contribuiu significativamente 

para o maior teor de matéria orgânica, nitrogênio, fósforo e potássio. 

O uso de biofertilizante aumentou significativamente a população 

bacteriana do solo, melhorando a saúde do solo. 
 

Palavras-chave: Vigna radiata, Adubo orgânico, Adubo químico, 

Saúde do solo, Microorganismos do solo. 
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