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Abstract 

A four-replicate trial with the three-crop rotation (maize-soya bean-wheat) was carried out in 
the stationary trial established in the experimental plots of the Institute of Field and Vegetable Crops in 
Rimski Šančevi, Novi Sad, Serbia. This study encompasses results obtained from soya bean fields in 
2006, 2007 and 2008. The objective of this study was to determine effects of seed inoculation with a 
microbiological fertilizer and a seed treatment with cobalt and molybdenum, as well as, to reveal 
effects of fertilizing of the preceding crop, maize, with different rates of nitrogen on Azotobacter 
abundance and the yield. Obtained data were statistically processed by the split-plot two factorial 
analysis of variance with the impacts of a year. The following factors were observed: year, different 
rates of N-fertilizer and seed treatments. The significance of differences among treatments was tested by 
the LSD test. The correlation dependence among all observed traits was established. Azotobacter 
abundance in the stage of full flowering was significantly affected by the year. The number of 
Azotobacter significantly decreased with the increased rates of applied nitrogen. The application of 
cobalt and molybdenum increased Azotobacter abundance by 22.18 % in the R2 stage in relation to the 
control variant. Azotobacter abundance in the R2 stage showed high and very high positive correlations 
with the grain protein content. 
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Introduction 

 
Soya bean has been traditionally cultivated and used for a long time. Due to a grain 

chemical content (over 60% of proteins and oil) soya bean is a significant source of food for 
the permanently increasing human population worldwide. In addition, soya bean has been 
significantly ranking with the establishment of organic agriculture. Soya bean is considered an 
extremely good preceding crop, especially of winter cereals, a good crop in mixed cropping 
[Kovačević, D., Oljača, S., 2005].  

Sowing soya bean in different cropping systems, it is possible, according to the 
definitions of FAO and WHO, to manage the primary plant production that promotes 
ecosystem restoration including biodiversity, biological cycles and methods that greatly 
exclude or correct the use of inputs [Kádár, I., 2007].  

A special importance in the soya bean production belongs to nitrogen fertilizing, because 
nitrogen is an element whose participation in building organic matter is greater than the 
consumption of any element of mineral nutrients [Kastori, I., 2005]. 
However, soya bean is characterized by smaller requirements of mineral nitrogen, due to its 
genetic predestination to live in the symbiosis with nitrogen fixing bacteria of the genera 
Bradyrhizobium and Rhizobium. Nitrogen fixing is an integral part of metabolism in which 
ammonia is the first stable product of this process; ammonia is transported into a plant 
cytoplasm and immediately incorporated into organic compounds. In such a way, soya bean 
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satisfies its needs for nitrogen of about 75%, which is very important from economic and 
ecological aspects [Cvijanović, G., Milošević, N., Cvijanović, D., 2005; Cvijanović, D., 
Cvijanović, G., Subić, J., 2008]. Knowledge about a nitrogen cycle has an increasing practical 
application in the organic plant production too. The greatest proportion of biological nitrogen 
in agricultural soils originates from the activity of  symbiotic and free-living nitrogen-fixing 
bacteria living in the association with plants. Therefore, it is very important to apply different 
measures in the plant production that will increase the total number of soil microorganisms 
and the number of certain physiological and systematic groups of microorganisms. 
Azotobacter abundance in the soil is a good indicator of all toxicological and degradational 
changes in the soil.  

The presence of microelements Co and Mb is necessary to stimulate symbiotic nitrogen-
fixing bacteria to intensively fix atmospheric nitrogen. Many authors [Ahmed, S., Evans, H.J., 
1960; Hallsworth, E.G., Wilson, S.B., Greenwood, E.A.N., 1960; Franco, A.A., Munns, D.N., 
1981] pointed out to the importance of cobalt in molecular nitrogen fixation. Molybdenum  
has a significant role in N2 fixation. It is a component part of the enzyme nitrogenase that is 
responsible for the N2 fixation. It also stimulates enzymic activities of peroxidase, catalyse 
and phosphorylation processes, as well as, the development and physiological activity of 
nodules [Milošević, N., Jarak, M., 2005]. Legumes treated with Mo fix a greater amount of 
nitrogen. Cobalt is another microelement that is important in biological fixation of molecular 
nitrogen. Its role in biological fixation of molecular nitrogen is specific and has not been yet 
completely clarified, but it is considered to have a great role in the structure of nodules and in 
the activation of nodule protein biosynthesis [Miladinović, J., Hrustić, M., Vidić, M., 2008]. 

The aim of the present study was to determine the effect of soya bean seed inoculation 
with Bradyrhizobium japonicum  and the mixture of Co and Mo, as well as, the effect of the 
fertilization of maize, a preceding crop, with different rates of nitrogen on Azotobacter 
abundance, soya bean yield and grain traits, in order to determine an optimum treatment variant 
of seed for sowing, which will provide economically and ecologically cost-effective yields. 

 
Materials and methods 
 

The study was carried out in the long-term stationary trial that was established at the 
Institute of Field and Vegetables Crops in Novi Sad, Vojvodina region, in 1971. The four-
replicate trial with the three-crop rotation (maize-soya bean-whet) was set up in 2006 and 
performed from 2006 to 2008. The elementary plot size amounted to 18 m2, while the plant 
density was 571,430 plants ha-1. Common soya bean growing practices were applied during the 
growing season.  Maize was a preceding crop, while soya bean seed of the cultivar of the 0 
maturity group was used in the trial.  
The following factors were observed:  
Factor (A) - years 
Factor (B) - mineral fertilizers were applied to the preceding crop (maize) in eight variants (1-
5 with crop residues (CR) ploughed down, 7 and 8 without crop residues (CR) and 6 the 
control variant without application of nitrogen fertilizers: 

1. 0 kg N ha-1 + CR + 50 kg N ha-1 after what 
2. 50 kg N ha-1 + CR + 50 kg N ha-1 after what 
3. 100 kg N ha-1 + CR + 50 kg N ha-1 after what 
4. 150 kg N ha-1 + CR + 50 kg N ha-1 after what 
5. 200 kg N ha-1 + CR + 50 kg N ha-1 after what 
6. 0 kg N ha-1 (control) 
7. 100 kg N ha-1 
8. 200 kg N ha-1 
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The amounts of phosphorus and potassium were the same in all variants and amounted 
to 80 kg P2O5/K2O ha-1. The total amount of mineral fertilizers was incorporated into the 
preceding crop (maize). Total phosphorus (Superphosphate 18% P2O5) and potassium 
(potassium sulfate 48-52% K2O), as well as, a half amount of nitrogen (KAN 27% N) were 
applied prior to primary tillage for maize. Depending on the variant, the remaining amount of 
nitrogen (KAN 27% N) was applied prior to secondary tillage for maize. Crop residues (CR) 
were ploughed down in the 1-5 variants. 

Factor (C) - seed inoculation. Prior to sowing, soya bean seeds were inoculated with 
Bradyrhizobium japonicum. Titter of cells ranged from 15x to 25x109 ml-1 in a sterile peat 
carrier.  
Variant C1: soya bean seed inoculation with Bradyrhizobium japonicum 
Variant C2: soya bean seed inoculation with Bradyrhizobium japonicum + seed treatment with 
molybdenum and cobalt (active ingredient: 16.5 % Mo and 1.65 % Co). 
Soil samples for the determination of Azotobacter abundance were drawn in the phenophase 
of full flowering - R2. Azotobacter abundance was estimated in the plant rhizosphere by the 
indirect dilution method on the appropriate nutrient agars [Poshon, J., Tardieux, P., 1962]. 

Obtained data were statistically processed by the split-plot two factorial analysis of 
variance with the impacts of a year as a factor. Moreover, the correlation dependence among 
all observed traits was established.  

 
Results and discussions 
 

The calculated water balance was used as a basis for the water deficit analysis during the soya 
bean growing season. In order to analyze water deficit or water surplus under semi-arid conditions 
of Vojvodina, potential evapotranspiration calculated by the application of the bioclimatic method 
coined by [Vučić, N.,1971], and the hydro-phyto-thermal index (hi), based  mean daily air 
temperatures, devised by [Bošnjak, Đ., 1999], were used.  

In 2006, precipitation sum from April to September was higher by 15% than a long-term 
mean. Water deficit in the soya bean growing season of 2006 amounted to 67 lm-2.  

The year of 2007 was characterized by the lack of precipitation during the whole April 
and the temperature was higher by 2oC than a long-term average for April. The water deficit 
sum in 2007 amounted to 94 lm-2. 

The first water deficit in 2008 occurred already on June 4, to end year, and amounted to 
138 lm-2  

It should be emphasized that agrometeorological conditions varied over all there years of 
investigation in the observed location. Although the lowest water deficit occurred in 2006, the 
best precipitation distribution was in 2008. The precipitation distribution during the growing 
season is, alongside with the precipitation sum, very important factor for high and stable yields 
[Dozet, G., 2006]. In addition to cropping practices that are applied, agrometeorological 
conditions also significantly affect abundance, distribution and enzyme  activity of numerous soil 
microbial populations. 

Azotobacter is a genus of free, aerobic nitrogen-fixing bio-diazotrophs, which is  
supplied with the energy for nitrogen fixing from organic matters in the soil. Azotobacter very 
vigorously responds to changes in habitat conditions or in any other ecological factor in a way 
that its number is reduced, hence its abundance together with the total number of the soil 
microorganisms is a very good parameter of soil biogeny [Cvijanović, G., 2002]. Since 
Azotobacter is a bacterium that strongly responds to changes in environmental conditions, it is 
a good indicator of the soil degradation process and therefore it is considered a reliable 
bioindicator [Milošević, N., Govedarica, M., Cvijanović, G., 2004]. 
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The analysis of variance for the number of Azotobacter in the rhizosphere shows that 
effects of the year (factor A), fertilizing of the preceding crop (factor B), seed treatment 
(factor C), as well as, their interactions were statistically very significant on the number of 
Azotobacter in the rhizosphere when plants were in the pheno-phase of full flowering (Table 1).  
 

Table 1.  Significance of differences among treatments at 1% and 5% probability levels 
Observed factors 

LSD 
A B C AxB AxC BxC AxBxC 

1% 
10.50  18.19  8.59  31.50  14.87  25.76  44.61  

5% 
7.91  13.70  6.48  23.73  11.22  19.43  33.65  

 
The average number of Azotobacter amounted to 99.31 x102; the highest (117.04 x 

102), i.e. lowest (78.61 x 102) number was recorded in 2007, i.e. 2006, respectively (Table 
1). The presented average values show that the differences in the number of Azotobacter in 
the flowering stage were statistically very significant over observed years.  

Furthermore, very significant differences in the number of Azotobacter were recorded at 
different levels of nitrogen fertilizing of the preceding crop. The highest number of 
Azotobacter was detected in the variant with crop residues ploughed down, while the lowest 
number was found in the variant with  200 kg N ha-1 (in all years of investigation).  

A highly significantly greater number of Azotobacter (111.57 x 102) was established in 
the variant in which Co and Mo were applied in the combination with Bradyrhizobium 
japonicum in full soya bean flowering than  in the variant in which seeds were treated only 
with Bradyrhizobium japonicum (92.77 x 102). 

By observing the year × fertilizing interaction it is noticed that the number of  
Azotobacter in 2006 was statistically very significantly lower in the variant 4 (31.86 x102) 
than in the variant 1 (94.10 x102) and the control (109.83 x102). In 2007, the number of  
Azotobacter was higher by 5.46% in the variant 2 (50 kg N ha-1) than in the variant 1, but 
this number was significantly higher (73.92%) than in the control (variant 7). Furthermore, 
in 2008, a statistically significantly lower number of Azotobacter (by 58.12%) was recorded 
in the variant 4 (150 kg N ha-1) than in the variant 1 and the control (by 49.15%). 

The year × seed treatment interaction was statistically very significant. In 2006, i.e. 
2007, the  number of  Azotobacter was higher by 57.29%, i.e. 42.23%, respectively in the 
variant C2 (Co and Mo) than in the variant C1 (only Br. japonicum). In the third year of 
investigation (2008) the number of  Azotobacter  was statistically significantly lower (by 
1.10%) in the variant C2 (Co and Mo) than in the variant without the application of these 
microelements. 
 The higher number of Azotobacter was recorded in all studied fertilizing variants when 
Co and Mo were applied than when they were not applied. 

The number of Azotobacter was significantly higher in the variant  4 (150 kg N ha-1) 
and the variant 8 (200 kg N ha-1) when Co and Mo were applied Moreover, this number was 
significantly higher in the variant 1 (0 kg N ha-1 + CR), variant 5 (200 kg N ha-1) and the 
variant 7 (100 kg N ha-1) than the variant in which seed was treated only with Br. 
japonicum. Remaining differences were not statistically justifiable. 
Azotobacter abundance in the stage of full flowering was significantly affected by the year, 
nitrogen fertilizing of the preceding crop and the seed treatment. In 2007, Azotobacter 
abundance was higher by 48.86%, i.e. 5.57% in relation to 2006, i.e. 2008, respectively. 
 

 
 



Effects of nitrogen fertilising on the preceding crop and the application of Co and Mo on  
Azotobacter abundance in soya bean 

 

Romanian Biotechnological Letters, Vol. 16, No. 1, Supplement (2011) 78

Table 2.  The Azotobacter number (x102) in the rhizosphere in the stage of soya bean full flowering 
Note: 

Interaction of factors B and C.   
 

Nitrogen fertilizing of the preceding crop affected Azotobacter abundance in the pheno-phase of 
soya bean full flowering. The highest number of Azotobacter in this stage was recorded in the variant 
without nitrogen fertilizing (129.41 x102), and then in the variant with crop residues ploughed down which 
pointed out to favorable effects of ploughed down stover on observed Azotobacter abundance. The lowest 
number of Azotobacter (78.72 x102) was detected in the variant with the highest fertilizer rate (200 kg N  
ha-1), which pointed out to a depressive effect of high nitrogen rates applied to the preceding crop on 
Azotobacter abundance. This is in accordance with previously presented results [Cvijanović, G., 2002; 
Cvijanović, G., Milošević, N., Cvijanović, D., 2005]. The application of Co and Mo significantly affected 
Azotobacter abundance in the stage of soya bean full flowering. Azotobacter abundance greater by 22.18% 
was determined in the variant with combined seed treatment (nitragin with cobalt and molybdenum) than in 
the variant with Br. japonicum. 
 The dependence of the number of Azotobacter in the soya bean flowering stage on fertilizing and crop 
residues showed significantly negative correlation with the increased rates of nitrogen applied to the preceding 
crop in all treatments (Figures 1 and 2).  

Year (A) Factor (B) Factor (C1) Factor (C2)  AB  A 
1 (0 kg N ha-1 + CR) 88.52 99.69 94.10 
2 (50 kg N ha-1 + CR) 96.14 99.92 98.03 
3 (100 kg N ha-1 + CR) 49.82 79.69 64.75 
4 (150 kg N ha-1 + CR) 25.85 37.87 31.86 
5 (200 kg N ha-1 + CR) 79.25 136.58 107.91 
6 (control) 85.02 134.65 109.83 
7 (100 kg N ha-1) 41.11 96.87 68.99 

2006 
 

8 (200 kg N ha-1) 23.15 83.69 53.42 

78.61 
 

   AC 61.11 96.12   
1 (0 kg N ha-1 + CR) 105.51 168.66 137.09 
2 (50 kg N ha-1 + CR) 113.33 175.84 144.58 
3 (100 kg N ha-1 + CR) 124.09 139.89 131.99 
4 (150 kg N ha-1 + CR) 110.76 173.58 142.17 
5 (200 kg N ha-1 + CR) 93.89 121.52 107.70 
6 ( control) 61.59 104.67 83.13 
7 (100 kg N ha-1) 67.54 94.79 81.17 

2007 

8 (200 kg N ha-1) 96.34 120.60 108.47 

117.04 
 

   AC 96.63 137.44   
1 (0 kg N ha-1 + CR) 162.16 151.95 157.05 
2 (50 kg N ha-1 + CR) 138.46 95.96 117.21 
3 (100 kg N ha-1 + CR) 140.67 101.88 121.27 
4 (150 kg N ha-1 + CR) 49.65 81.90 65.77 
5 (200 kg N ha-1 + CR) 132.64 116.07 124.36 
6 ( control) 158.89 99.81 129.35 
7 (100 kg N ha-1) 107.47 87.76 97.61 

2008 

8 (200 kg N ha-1) 74.59 73.96 74.27 

110.86 
 

  AC 120.57 101.16   B  
1 (0 kg N ha-1 + CR) 118.73 140.10 129.41 
2 (50 kg N ha-1 + CR) 115.98 123.91 119.94 
3 (100 kg N ha-1 + CR) 104.86 107.15 106.00 
4 (150 kg N ha-1 + CR) 62.08 97.78 79.93 
5 (200 kg N ha-1 + CR) 101.93 124.72 113.32 
6 ( control) 101.83 113.04 107.44 
7 (100 kg N ha-1) 72.04 93.14 82.59 

 BC 

8 (200 kg N ha-1) 64.69 92.75 78.72 
   C 92.77 111.57  
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Figure 1. Effects of fertilization and crop residues on the number of Azotobacter 
 

 
Figure 2. Effects of seed treatments on the number of Azotobacter 
 

The increase in the number of Azotobacter in the R2 pheno-phase resulted in a significant (0.75) and a 
very significant (0.99) increase of the grain yield and the protein content, respectively (Table 3). 
Furthermore, a high positive correlation between the yield and the protein content of soya bean grain was 
recorded. A significantly negative correlation was established between the yield and the oil content of soya 
bean grain. 
Table 3.  The correlation analysis between Azotobacter abundance in the R2 pheno-phase and the yield, protein 

content and the oil content of soya bean grain 

 Azotobacter 
number (x102) 

Yield 
(kg ha-1) 

Protein 
content  (%) 

Oil content 
(%) 

Azotobacter number (x102) 1.00    
Yield (kg ha-1) 0.75* 1.00   
Protein content (%) 0.99**     0.85** 1.00  
Oil content (%) - 1.00** - 0.71* - 0.97** 1.00 

p < 0.05*; p < 0.01** 

 
Azotobacter abundance in the R2 pheno-phase was highly and very highly correlated with the 

yield and the protein content, respectively, and highly negatively correlated with the oil content of 
soya bean grain.  

Contemporary market trends that change marketing activities (which bear the economic aspect) 
into the direction of ethical, humane and ecological aspects are a significant part of this issue. As a rule, 
developed countries have developed markets in which buyers become choosy, due to their incomes, that 
is consumers (buyers) are aware of the benefits of using ecological products and organic food.  

Therefore, the application of nitrogen fixing bacteria in field crops growing practices has a multiple 
importance that is reflecting through the yield increase, possibility in mineral fertilizers reduction, 
increased profits, as well as, the achievement of a positive effect on the soil [CVIJANOVIĆ, G., SUBIĆ, 
J., DOZET, G., 2008]. 
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Conclusions 
 

• Effects of the year were significant on Azotobacter abundance in the stage of full flowering of soya 
bean.  

• The highest number of Azotobacter was determined in the variant without nitrogen fertilizing with 
ploughed down crop residues. Crop residues favorable affected Azotobacter abundance.  

• The number of Azotobacter very significantly decreased over increased applied nitrogen rates. 
• The application of Co and Mo resulted in the increase of Azotobacter number by 22.18%.  
• Azotobacter abundance was highly and very highly positively correlated with the yield and the 

grain protein content, respectively. 
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