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Abstract: Microbial inoculants from the the group of symbiotic-nitrogen-fixing  rhizobia are well known and widely used in 
production of legumes . On the other hand, nonsymbiotic plant growth promoting rhizobacteria (PGPR) are not commonly 
used in practice. The objective of this study was to examine the effects of soybean inoculation with symbiotic and 
nonsymbiotic bacteria on plant growth and seed yield of soybean. Microbiological activity in rhizospheric soil was also 
determined. The experiment was set up using a randomized block system in filed conditions with the following treatments: 
control-no inoculation; treatment 1-Bradyrhizobium japonicum;  treatment 2-Azotobacter sp.; treatment 3-Bacillus sp..In the 
flowering stage of growth (FS) the number of nodules per plant (NPP), root length (RL), plant height (PH) and weight (PW) 
were measured. The number of pod per plant (PPP), number of seeds per pod (SPP) and seed weight per plant (SWP) were 
recorded at the end of vegetation period (EV). Microbiological analyses of soil included the determination of total number of 
bacteria (TNB), number of fungi (FNG), actinomycetes (ACT) and azotobacters (AZB) as well as the activity of the 
dehydrogenase enzyme (DHA). The results showed that bacterial inoculation led to the formation of root nodules regrdless 
of the treatments with statisticali no significant difference. Strong nodulation was also present in control treatment. RL  and 
PH were positively influenced by inoculation with Azotobacter sp. and Bacillus sp., respectively. Statistical analyses of the 
number of PPP, number of SPP and SWP showed no significant differences among investigated treatments. High average 
number of microorganisms were determined in all treatments. Most abundant were TNB (log No 8,010) and ACT (log No 
6,055) than FNG and AZB with log No 4,867 and log No 4,025, respectively. The highest DHA activity was measured in the 
FS of soybean in treatment 3. The application of nonsymbiotic bacteria in soybean production can alleviate initial plant 
growth and help the plant to better overcome different stess conditions caused by abiotic and biotic factors. 
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I. INTRODUCTION 
 
Soybean (Glycine max L) is a significant leguminous 
plants grown for its high protein and oil content  of 
about 40% and 20%, respectively. Soybean is part of 
human and animal diet and is widely used for 
production of non-food products (biodiesel, 
biocomposites). Average grain yield in Vojvodina 
(Serbia) is 2,507 kg / ha, and annually is  produced 
over 500 tons of soyabeans (Bosniak, 2012). Soy is a 
plant that adapts well to the influence of abiotic and 
biotic factors, although stress conditions (drought, 
heat stress, plant pathogens) can lead to reduced plant 
growth and development as well as a smaller yield of 
soybean. To create one ton of soybeans per hectare, it 
is essential that the crop has at its disposal about 70-
100 kg of nitrogen, 16-27 kg of phosphorus and 36-
60 kg of potassium. Large amount of nitrogen is 
supplied by the means of biological nitrogen fixation 
of nodule forming bacteria. 
Soybean form a symbiotic relationship with nitrogen-
fixing bacteria of the species-Bradyrhizobium 
japonicum, living in the nodules of the plant roots. 
These bacteria can fix more than 100 kg of nitrogen 
depending on the environmental factors. Inoculation 
of soybean seeds with symbiotic bacteria enables the 
creation of nodules on the plant roots (Milošević and 
Jarak, 2005). Plant growth promoting rhizobacteria 
(PGPR) from genera Bacillus sp., Azotobacter sp. , 
Pseudomonas sp. Rhizobium sp., Streptomyces sp. are  

 
known for they beneficial and stimulating effect and 
are most commonly found in the rhizospehre of 
agricultural crops. Application of these non-symbiotic 
PGPR is also widely used in the production of 
soybeans, primarily microorganisms that increase the 
plant's resistance to numerous pathogens that attack 
soybeans. Co-inoculation or application of different 
species of microorganisms, according to numerous 
authors, has a positive influence on soybean 
development, better root and stem growth, higher 
percentage of nodulation and increased stress 
tolerance compared to plants which had been 
inoculated only with B. japonicum (Iličić et al. 2017: 
Egamberdieva et al., 2010, 2013; Masciarelli et al., 
2014; Korir et al., 2017). 
Having al these facts in mind, the objective of this 
study was to examine the effects of soybean 
inoculation with symbiotic and nonsymbiotic bacteria 
on plant growth and seed yield of soybean. 
Microbiological analyses of soybean rhizosphere was 
also done in order to asses the influence of introduced 
bacteria on quantitative changes of soil microbial 
community. 
 
II. MATERIAL AND METHODS 
 
2.1. Field experiment-set up 
The experiment was set up using a randomized block 
system in filed conditions with the following 
treatments: control-no inoculation; treatment 1-
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Bradyrhizobium japonicum;  treatment 2-Azotobacter 
sp.; treatment 3-Bacillus sp.. Soybean seed was 
inoculated before seeding, which was done manually. 
Soybean cultivar Rubin was used as plant material. 
The distance between the rows was 50 cm, with 4 cm 
planting depth, and 4cm spacing assembly. Preceding 
crop was wheat. Agrochemical properties of soil were 
as follows: pH-in H2O (7,69); %CaCO3 (10,56); % 
humus (3,07); % total N (0,15); AL-P2O5 
(21,79mg/100g soil); AL-K2O (18,27 mg/100g soil). 
 
2.2.  Plant growth assesment 
Sampling of plant material was performed two times: 
in flowering stage and in full maturity. In the 
flowering stage of growth (FS) the number of nodules 
per plant (NPP), root length (RL), plant height (PH) 
and weight  (PW) were counted and measured. The 
number of pod per plant (PPP), number of seeds per 
pod (SPP) and seed weight per plant (SWP) were 
recorded at the end of vegetation period (EV). 
 
2.3. Soil microbial activity assesment 
Soil sampling was performed in the flowering stage 
of soybean growth from the rhizosphere soil. 
Microbiological analyses of soil included the 
determination of total number of bacteria (TNB), 
number of fungi (FNG), actinomycetes (ACT) and 
azotobacters (AZB). The number of microorganisms 
were determined by standard agar plate method 
(Trolldenier, 1996; Jarak and Đurić, 2004) preparing 
a ten-fold dilution series, and applying the 
appropriate dilutions on nutrient plates. After 
incubation, plates were inspected. The number of 
microorganisms was calculated to one gram 
absolutely dry soil and presented as log10 No. The 
activity of the enzyme dehydrogenase was 
determined according to Lenhard modified by 
Thalmann. The soil samples were prepared by 
incubation with triphenyltetrazolium chloride (TTC) 
under moist conditions at 37 °C for 24 h. 
Determination of triphenylformazan (TPF), was 
measured spectrophotometrically at a wavelength of 
564 nm and the enzyme activity is given as μg TPF 
per 10 g-1 soil. 
 
2.4. Statistical analysis 
The data were statistically processed using 
STATISTICA 10 software  (Hamburg, Germany). 
The significance of the difference between the 
applied treatments was determined using Fisher’s 
LSD test (p<0.05). 
 
III. RESULTS AND DISCUSSION 
 
The results showed that bacterial inoculation led to 
the formation of root nodules regardless of the 
treatments with statisticaly no significant difference 
(Table 1.). Strong nodulation was also present in 
control treatment and in treatments without 
introduced symbiotic bacteria. It suggests that the soil 

was abundant with autochtonous rhizobia that were 
capable of infecting the soybean root. Žafran-Novak 
et al., (2010) showed a better nodulation efficacy of 
two autochtonous isolates of R. leguminosarum 
bv.viciae (201ZG and 301ZG) than control referent 
strain R. leguminosarum bv.viciae 248 in greenhouse 
biological experiments. Similar results were obtained 
with root length and plant heigth which were 
positively influenced by inoculation with Azotobacter 
sp. and Bacillus sp., respectively (Graph. 1.). 
Increased nodulation leads to increased nitrogen 
fixation and better nutrient suply of plants. Vegetative 
growth of root and above ground parts is stimulated. 
Flowering stage is the beginning of the reproductive 
stage and is crutial for yield development. Plant 
metabolitic activity is high and is characterized by 
rapid and constant daily dry matter and nutrient 
accumulation rates. In addition, the rate of nitrogen-
fixation by the root nodules is also increasing rapidly.  
Statistical analyses of the number of PPP, number of 
SPP and SWP showed no significant differences 
among investigated treatments (Table and Graph. 2.).  

 
Graph 1. Number of nodules per plant (NPP), root 
length (RL), plant height (PH) and plant weght (PW) 
in flowering stage of soybean growth  
Our results are  supported by the results of other 
researchers. Iličić et al. (2017) stated that treatments 
with Bradyrhizobium japonicum strain 526, combined 
with Bacillus sp. strain Q10 ( live cell and cell-free 
supernatant) and Pseudomonas chlororaphis strain 
Q16 showed positive effects on pods number and 
grain mass per soybean plant. Kiprovski et al., (2016) 
showed that the mixture of PGPRs (isolates of 
Azotobacter chroococcum, Streptomyces sp. and 
mixture of these) had a positive impact on the 
antioxidant activity (10–20 % higher activity) and 
yield components of soybean. 
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Graph. 2. Number of pod per plant (PPP), number of 
seeds per pod (SPP) and seed weight per plant (SWP) 
in full maturity stage of soybean growth 

 
Graph. 3. Total number of bacteria (TNB), number of 
fungi (FNG), actinomycetes (ACT) and azotobacters 
(AZB) –log 
No

 
Graph. 4. Dehydrogenase activity (µg TPF/10g soil) 
 
High average number of microorganisms were 
determined in all treatments (Graph. 3.). Most 
abundant were TNB (log No 8,010) and ACT (log No 
6,055) than FNG and AZB with log No 4,867 and log 
No 4,025, respectively (Table 3.). In uninoculated 
control, high number of all investigated microbial 
groups were caunted. It could be concluded that 
autochtonous microbial population  was present and 
active. Sugiyama et al., (2017) investigated the 
bacterial communities of black soybean grown in 
fields and found that both farm and soil significantly 
affected the relative abundance of bacteria 
Bradyrhizobium (bulk: 2.6%–5.0%; rhizosphere: 
2.6%–18.4%) and Bacillus (bulk: 0.0%–1.3%; 
rhizosphere 5.0%–16.8%). The highest DHA activity 
was measured in treatment with Bacillus sp. (Graph. 
4.). High organic matter content in soil increases the 
microbial enzyme activity. Our results correlate with 
the results of Bhat et al., (2017) who found that the 
mean value of DHA activity (66,9 g-1soil 24 h-1) 
under soybean measured in soil with high content of 
organic matter was relatively higher at active crop 
growth stages than in later stages. According to 
results of Souza et al., (2017), dehyrogenase enzyme 

during soybean pod formation stage increased from 
lowest to highest from 33.12 to 46.29 μ g TPF g-1 24 
hr-1.  
 
The application of nonsymbiotic bacteria in soybean 
production can also alleviate initial plant growth and 
help the plant to better overcome different stess 
conditions caused by abiotic and biotic factors. 
 
CONCLUSIONS 
 
Our research showed that application of bacteria with 
PGP traits positively influenced soybean growth 
parameters as well as soil microbial activity. Further 
research has to be done in order to evaluate the 
effectiveness of nonsymbiotic bacteria in different 
management practices. PGP bacteria could be a 
promising alternative and tool for sustainable 
production of soybean. 
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Table 1. Number of nodules per plant (NPP), root length (RL), plant height (PH) and plant weght (PW) in 

flowering stage of soybean growth (FS) 
treatments NPP RL-cm PH-cm PW-g 

control 8,300a* 16,925ab 56,900b 25,470b 
B.japonicum 8,800a 15,725b 58,175ab 30,995ab 

Azotobacter sp. 7,050a 19,050a 67,800ab 39,105ab 
Bacillus sp. 9,950a 15,550b 74,750a 43,820a 

*-Note: same letter in superscript indicates no statistically significant difference between mean values on the 
basis of LSD test (p< 0.05) 

Table 2. Number of pod per plant (PPP), number of seeds per pod (SPP) and seed weight per plant (SWP) in full 
maturity stage of soybean growth 

treatments PPP SPP SWP-g 
control 23,200a 47,900a 7,950a 

B.japonicum 23,200a 48,750a 7,700a 
Azotobacter sp. 21,020a 45,850a 7,850a 

Bacillus sp. 24,000a 49,550a 7,600a 
 

Table 3. Total number of bacteria (TNB), number of fungi (FNG), actinomycetes (ACT), azotobacters (AZB) 
and the activity of the dehydrogenase enzyme (DHA) 

treatments TNB 
(log No) 

FNG 
( log No) 

ACT 
(log No) 

AZB 
(log No) 

DHA 
(µg TPF/10g) 

control 7,809a 4,644a 5,831b 3,773a 395,24 
B.japonicum 7,879a 4,743a 5,947ab 3,904a 516,19 

Azotobacter sp. 8,002a 4,762a 5,947ab 3,996a 403,81 
Bacillus sp. 8,010a 4,867a 6,055a 4,025a 525,71 

 
 

 


