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ABSTRACT 
The aim of this research was to investigate the effect of inoculation 
(Azotobacter chroococcum and actinomycetes) and nitrogen mineral 
fertilizers (doses of 60 kg N ha-1 and 120 kg N ha-1) on the yield of wheat 
and on the number and activity of certain microorganisms in 
rhizospheric soil. The investigation was carried out in humogley soil 
with three wheat varieties. The variants of the experiment were the fol-
lowing: 1) control (without fertilization or inoculation); 2) A. chroococ-
cum + actinomycetes, ratio 1:1; 3) A. chroococcum + actinomycetes + 45 
kg P ha-1 + 45 kg K ha-1  + 60 kg N ha-1); 4) A. chroococcum + acti-
nomycetes + 45 kg P ha-1 + 45 kg K   ha-1 + 120 kg N ha-1 ). P, K and 60 kg 
N were applied in autumn whereas the rest of N was added in spring. 
The wheat seed was inoculated before sowing. The yield of wheat, the 
number of azotobacter and actinomycetes, and dehydrogenase activity 
were determined at the end of the vegetation period.  
Depending on the variety and type of treatment, the increase of yield 
was 8-11%. Inoculation and nitrogen fertilizers contributed to the in-
creased number of actinomycetes and azotobacter with all three varie-
ties. Dehydrogenase activity significantly increased in inoculated vari-
ants with two varieties (Pobeda and Bg Maksima).  
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INTRODUCTION 
oil is an ecosystem inhabited by various 
groups of microorganisms, which are its 

living component. Active microbiological pro-
cesses in soil increase the speed of synthesis 
and mineralization of organic matter which 
then leads to better plant nutrition. Knowledge 
about microbiological processes and factors on 
which they depend makes possible the use of 
many microorganisms in agriculture. Symbiotic 
nitrogen fixators have a wide use in legume 
production and there is an ever growing interest 
for the use of free nitrogen fixators in non-
legume production (Okon and Labandera-
Gonzales, 1994; Casanovas et al., 2000). 

Among the free-living nitrogen-fixing 
bacteria, those from genus Azotobacter have 
an important role, being broadly dispersed in 
many environments such as soil, water and se-
diments. Many authors have shown the posi-
tive effect of inoculation of wheat with these 
bacteria (Elshanshoury, 1995; Pati et al., 1995; 
Jarak et al., 1977). 

There are many microorganisms in rhi-
zospheric soil that decompose complex orga-
nic matter. Synthesis and transformation of or-
ganic matter in soil are constant processes. As 
a result of those, plants are supplied with a 
part of necessary nutrients (Alexander, 1977; 
Paul and Clark, 1989). 

Actinomycetes also take part in this pro-
cess. Actinomycetes are hemoorganotrophs and 
have an oxydative type of metabolism and use 
a wide range of organic components as a source 
of carbon and energy. They produce various 
antibiotics (chloramphenicol, neomycin, strep-
tomycin), biologically active matter such as B 
vitamins, auxines and others. They also have a 
good effect on physiological processes of 
plants. The use of actinomycetes in plant pro-
duction has been only sporadically investigated, 
first and foremost with the aim of protection 
from pathogens (Klokocar-Smit et al., 2002). In 
contrast to this, the use of Azotobacter in plant 
production has often been investigated. 

This investigation focused on both appli-
cation of Azotobacter (Azotobacter chroococ-
cum) and actinomycetes. The aim was to in-
vestigate their effect, as well as the effect of 
two different doses of nitrogen on the yield of 
wheat and on the activity of certain microor-
ganisms in rhizospheric soil.  

 
MATERIAL AND METHODS 

The investigation was carried out in hu-
mogley soil, with three varieties of wheat (Po-
beda from Institute of Field and Vegetable 
Crops, Novi Sad (Serbia), Bg Maksima 
from PKB INI Agroekonomik, Belgrade 
(Serbia) and Kg-A-54 from Center for 
Small Grains, Kragujevac (Serbia). Micro-
organisms where from Faculty of Agricul-
ture, Novi Sad (Serbia). 
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The variants of the experiment were the 
following:  

1. control (without fertilization or inocu-
lation);  

2. Azotobacter chroococcum + actinomy-
cetes, ratio 1:1; 

3. Azotobacter chroococcum + actinomy-
cetes + 45 kg P  ha-1+ 45 kg K ha-1 + 
60 kg N ha-1); 

4. Azotobacter chroococcum + actinomy-
cetes + 45 kg P ha-1+ 45 kg K ha-1 + 
120 kg N ha-1. 

Potassium (45 kg ha-1), phosphorus (45 kg 
ha-1) and half the nitrogen (urea) were applied 
in autumn. The rest of nitrogen was added in 
spring (NH4NO3). 

Azotobacter chroococcum was grown on 
a liquid medium by Fjodorov (Anderson, 
1965). After three days of incubation, a sus-
pension was made (106 cells in 1 ml). Actino-
mycetes were grown on a solid medium by 
Krasiljnikov (Scharlau Microbiology, 1999). 
After five days of incubation, the spores were 
washed away with sterile water and their num-
ber reduced to 106 in 1 ml. 

The seed was inoculated immediately be-
fore sowing. 300 g seed of every variety was 
mixed with 50 ml of inoculum (25 ml of 
Azotobacter chroococcum strains and 25 ml of 
actinomycete strains). The size of the experi-
mental plots was 5 m2. Each plot was sown 
with 600 seeds of wheat. 

The yield of wheat (t ha -1), the number of 
Azotobacter and actinomycetes (MPN, Benson, 
2000) and dehydrogenase activity (spectropho-
tometric method by Thalman, 1968) were de-
termined at the end of the vegetation period. 
The effect of the treatments on the investigated 
parameters was determined by ANOVA. The 
difference between average values was deter-
mined by least significant difference method 
(LSD, P>0.01, P>0.05). The dependence of 
yield upon microbiological activity was de-
termined by the coefficient of correlation (r). 

RESULTS AND DISCUSSION 

Yield and quality of wheat is directly re-
lated to the characteristics of variety and soil, 
crop management and characteristics of micro-
biological processes (Protić et al., 1998; Jarak 
et al., 2004). The soil in which the investiga-

tion was conducted had good chemical cha-
racteristics (pH - 7.2; CaCO3 - 2.55 %; humus 
- 2.55 %; total nitrogen - 0.192 %; 9.6 mg of 
available phosphorus in 100 g of soil; 22.3 mg 
of available potassium in 100 g of soil) and 
good conditions for the growth of wheat and 
microbiological activity (Jarak et al., 1997; 
Protić et al., 2004). 

The yield of wheat was high in all variants 
(Table 1). Treatments increased yield by 320-
1000 kg ha-1 in Pobeda variety, by 470-980 kg  
ha-1 (p>0.05) in Bg Maksima and by 90-610 kg 
ha-1 in Kg-56-A. Relative yield increase was    
8-11% in all varieties.  
 

Table 1. The yield of wheat (t ha-1) 

Varieties of wheat 
Variants 

Pobeda Bg Maksima Kg-56-A 
Control  8.39 9.58 7.89 
Azotobacter 
chroococcum + 
actinomycetes 

8,71 10,05 8,19 

Azotobacter 
chroococcum + 
actinomycetes + 
P+K + 60 kg N 

9.34 10.56 7.98 

Azotobacter 
chroococcum + 
actinomycetes + 
P+K + 120 kg N 

9.36 10.54 8.50 

LSD > 0.01 
        > 0.05 

1.412 
0.983 

1.089 
0.758 

1.264 
0.880 

 
The amount of nitrogen in soil can in-

crease by 20-60 kg N ha-1 as the result of in-
troduction of free nitrogen fixators and mine-
ralizers (Peoples et al., 1995; Shabev et al., 
1991). 

In this investigation, the amount of fixed 
nitrogen was around 60 kg. The yield in the 
inoculation + 60 kg N ha-1 variant was the 
same as in the inoculation +120 kg N ha-1. 
This shows that there is a possibility for mi-
neral nitrogen to be partially replaced by bio-
logical nitrogen. 

Other field experiments have also shown 
that inoculation with azotobacter had bene-
ficial effects on the yield of plants. Jagnow 
(1987) claims that the inoculation of wheat 
and maize with Azotobacter increases both the 
mass of the above ground part of the plant (26-
50%) and the yield (19-30%). 

According to Zahir et al. (1996) and Ku-
mar et al. (2001), wheat which has been inocu-
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Table 2. The number (log N0) of actinomycetes (act.), Azotobacter (azb.)  
and dehydrogenase activity (DHA-μg TPF/g of soil) in the rhizospheric soil of wheat 

Varieties of wheat 
Pobeda Bg Maksima Kg-56-A Variants 

act. Azb. DHA act. Azb. DHA act. Azb. DHA 
Control 4.02 2.10 930 4.14 2.31 745 3.87 2.34 782 
A. chroococcum + 
actinomycetes 

5.88 3.75 1156 5.30 3.47 985 4.94 3.69 972 

A. chroococcum + 
actinomycetes  
+ P, K + 60 kg N 

5.54 3.70 1178 5.75 3.75 1230 5.63 3.50 1091 

A. chroococcum + 
actinomycetes  
+ P, K + 120 kg N 

6.37 2.90 1570 5.90 3.17 1311 5.84 3.10 1391 

LSD: P > 0.01 
         P > 0.05 

0.28 
0.18 

0.10 
0.06 

20.60 
13.60 

0.14 
0.09 

0.24 
0.16 

13.81 
9.12 

0.17 
0.11 

0.30 
0.20 

520.56 
343.62 

lated with free nitrogen fixators grows more 
evenly and has a higher yield. Apart from pro-
ducing plant nutrients, about 66% of actino-
mycetes, fungi and bacteria produce growth sub-
stances which effect the growth of plants (Mar-
tinez Toledo et al., 1990; De la Vega et al., 
1991). The introduction into the soil of micro-
organisms which produce growth substances 
(Azotobacter, actinomycetes) leads to the in-
creased length and mass of a plant and to an in-
creased yield (Maltseva et al., 1995; Govedarica 
et al., 2002). 

Introduction of a new amount of microor-
ganisms in soil causes a change in microbiolo-
gical activity (Paul and Clark, 1989; Jarak et 
al., 2005). Field and laboratory experiments 
have shown that after inoculation, microorga-
nisms firmly settle on the root surface and re-
main there, surrounded by the natural soil mi-
croflora. Then they take part in the processes 
of humification, dehumification, nitrogen fixa-
tion, nitrification and other processes, and sup-
ply the plant with nutrients (Kloeper et al., 
1991). Good plant nutrition leads to an in-
creased amount of plant exudates which then 
additionaly activates microbiological proces-
ses (Arsac et al., 1990; Belimov et al., 1995; 
Govedarica et al., 1997). 

In this investigation (Table 2), the number 
of microorganisms was characteristic of the 
investigated type of soil (Jarak et al., 1997, 
2005). Inoculation and nitogen fertilizers had a 
significant effect on the number of actinomy-
cetes (p > 0.05) with all three wheat varieties.  

Dehydrogenase activity significantly in-
creased in all inoculated variants of Pobeda 
and Maksima varieties (p > 0.01) and, only in 
the variant: inoculation + 120 kg N/ha (p > 
0.01) in Kg-56-A variety. 

Microbiological activity of soil is one of 
the most important factors that affects the fer-
tility of soil. Therefore, microorganisms also 
influence the success of production (Alexan-
der, 1977). The yield of plants is usually in a 
positive correlation with the number of micro-
organisms which produce plant nutrients (Paul 
and Clark, 1989; Jarak et al., 2004).  

In this investigation, there was a trend for 
positive association between yield of wheat and 
the number of actinomycetes, Azotobacter and 
dehydrogenase activity, although correlation 
was significant in only two cases (Table 3). 

The results show that the use of micro-
organisms in plant production can lead to 
higher yield, less frequent use of mineral fer-
tilizers and to a higher microbiological activity 
of soil. Although it is symbiotic nitrogen fixa-
tors that are most widely used in the produc-
tion of legumes, free nitrogen fixators in the 
production of non-legume also show good 
prospect.  

Our results confirm the results of many 
previous investigations, that biofertilization 
activates microbiological processes in soil and 
that part of nitrogen fertilizers in wheat pro-
duction can be replaced by microbiological 
fertilizers (Okon and Itzigson, 1995; Ozturk et 
al., 2003; Fares, 1997). 
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Table 3. The correlation between the yield and  
microbiological activity 

Coefficient of correlation (r) 
Varieties of wheat Microorganisms 

Pobeda Bg Maksima Kg-56-A 
Actinomycetes 0.75 0.97* 0.66 
Azotobacter 0.49 0.80 0.30 
Dehydrogenase 
activity 0.79 0.98* 0.86 

 
 

CONCLUSIONS 
The use of microorganisms in plant pro-

duction can result in higher yields, lower use 
of mineral fertilizers and higher microbio-
logical activity of soil. 

The yield of wheat was high in all va-
riants. Treatments increased yield by 320-1000 
kg ha-1 in Pobeda variety; by 470-980 kg ha-1 
in Bg Maksima and by 90-610 kg ha-1 in     
Kg-56-A, (8-11% in all varieties). 

The number of microorganisms was char-
acteristic of the investigated type of soil. Ino-
culation and nitrogen fertilizers had a signi-
ficant effect on the number of actinomycetes 
and Azotobacter with all three wheat varieties. 
Dehydrogenase activity increased significantly 
in all inoculated variants with Pobeda and 
Maksima variety. With Kg-56-A variety, it 
increased in the variant with inoculation + 120 
kg N ha-1 
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