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BMR Gold X EUG 542 F  
Figure 4. The field experiment with the two studied 
sorghum hybrids (BMR Gold X and EUG 542 F) 

 
CONCLUSIONS 
 
In our research, the hybrid BMR Gold X was 
more performant concerning the biomass yield 
compared to the hybrid EUG 542 F, and 
increasing of plant density leaded to the 
significant positive differences only for the 
hybrid BMR Gold X. These findings show that 
for biomass production, there is important the 
cultivated hybrid but also the choosing of the 
proper plant density according to the cultivated 
hybrid. 
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Abstract 
 
The research was conducted over two agricultural years 2014/2015 and 2015/2016, and aimed to assess the influence 
of mineral fertilization and seed inoculation with nitrogen fixing bacteria Bradyrhizobium japonicum on soybean grain 
yield. The research was based on a split plot experiment placed on a chromic luvisoil, which was previously cultivated 
with maize.  
The results presented in this paper were obtained by analyzing the following factors: Factor A – soybean varieties from 
different maturity groups: Adsoy, Orion, Carla, Darina, PR92B63; Factor B – mineral fertilization levels N0P60K0 
(Control), N0P60K0 + foliar fertilization; N45P60K0; N45P60K0 + foliar fertilization; N45P60K45; N90P60K45; Factor C – 
soybean seeds inoculated with Nitragin Bac Soya (Bradyrhizobium japonicum); soybean seeds non-inoculated with 
Nitragin Bac Soya (Bradyrhizobium japonicum).   
The average grain yield of the soybean varieties was 1898.5 kg/ha, varying from 1319.80 kg/ha (Orion) to 2483.43 
kg/ha (PR92B63), for variants where the soybean seeds were inoculated with Bradyrhizobium japonicum.  In variants 
were soybean seeds weren’t inoculated with nitrogen - fixing bacteria the average grain yield was 1829.80 kg/ha, 
varying from 1277.41 kg/ha (Orion) to 2483.43 kg/ha (PR92B63).   
Mineral fertilization generated a grain yield increase of 30.2%. Seed inoculation with nitrogen fixing bacteria brought 
an increase of the grain the yield of 3.76%. 
 
Key words: soybean, grain yield, mineral fertilizer, Bradyrhizobium japonicum.  
 
INTRODUCTION  
 
Soybean Glycine max (L.) Merrill is a valuable 
crop, highly appreciated due to seeds’ high 
content in proteins 40% and oil 20 % (Mello 
Filho, 2005; Clemente, 2009; Subramanian, 
2013). The agronomic importance of the crop is 
sustained by both, crop nutritional value and its 
ability to fix the molecular nitrogen from the 
atmosphere (Popescu, 2008).  
Biological nitrogen fixation (BNF) has a direct 
contribution to improve the soil fertility (Cass, 
1994; Tago, 2011; Matsumiya, 2013), replaces 
the use of synthetic nitrogen fertilizers 
(Peoples, 2009; Canfield, 2010; Kovačević, 
2011) and has a positive influence on  crops’ 
grain yields (Van Kessel, 2000). Soybean crop 
has a high demand for nitrogen (N), thus for 
achieving 1000 kg grains, the crop is requiring 
93 - 104 kg N (Diaconescu, 1971; Deac, 2013).  
At the beginning of the growing season, 

soybean plants are getting about 50% of the 
required nitrogen (N) from the soil (Deac, 
2013). After the installation of the symbiosis 
between plants’ roots and nitrogen-fixing 
bacteria, Bradyrhizobium japonicum (Cheţan, 
2014), the rest of the required nitrogen (N) is 
achieved from the atmosphere (Deac, 2013). 
Specialized literature raises a lot of contro-
versial results regarding the soybean crop 
nutrition with nitrogen (N) under field 
conditions (Kaschuk, 2016) mainly because of 
the plant’s ability to acquire the required 
amounts of nitrogen from atmosphere 
(Salvagiotti, 2008; Caliskan, 2008). Some 
researches showed that nitrogen (N) 
fertilization is not necessary if soybean seeds 
are inoculated with Bradyrhizobium japonicum 
(Freeborn, 2001; Schmitt, 2001; Sogut, 2006). 
Other results showed that biological nitrogen 
fixation (BNF) is not enough, due to the fact 
that it can’t supply the full requirements of the 
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crop for nitrogen (N) (Wesley, 1998; Mahna, 
2005; Caliskan, 2008, Janagard, 2013), thus it 
is required to apply mineral nitrogen (N) 
fertilizers to improve yield and quality of the 
harvest (Ray, 2006; Osborne, 2006; Gan, 2003; 
Caliskan, 2008).  
Essential nutrients, nitrogen (N), phosphorus 
(P) and potassium (K) are playing a crucial role 
in increasing the productive potential of the 
soybean crop (Mohamed, 2011; Janagard, 
2013). Applying nitrogen (N) fertilizers as a 
starter has a positive influence on soybean grain 
yields (Starling, 2000; Osborne, 2006; 
Janagard, 2013). Increases in production 
between 28% - 30% were reported when 
mineral nitrogen (N) was applied in stages R1-
R3 (blooming) (Brevedan, 1978; Osborne, 
2006).  
Maximum nitrogen (N) requirements were 
recorded by the soybeans plants in reproductive 
phase (Hungria, 2006; Kaschuk, 2010; 
Kaschuk, 2016) and in the pods filling stage. 
An important role in soybean plants nutrition 
(Afzal, 2010; Jarecki, 2016) is owned by the 
availability of the macro and micro elements 
applied to soil or as a foliar fertilizer (Freeborn, 
2001; Jarecki, 2016). Along with nitrogen (N), 
phosphorus (P) and potassium (K) are 
contributing efficiently in increasing the 
soybean grains yields.  
Phosphorus has a positive influence on the 
nitrogen (N) biological fixation by increasing 
the number of active nodules per plant (Deac, 
2013) and it improves soybean crop yield under 
drought conditions (Zheng, 2010; Kovačević, 
2011).  
Researches carried out in the West of Romania, 
showed the positive influence of phosphorus 
(P) on soybean grain yield. Applied in doses of 
40 kg/ha and 80 kg/ha phosphorus (P) 
generated a growth between 183 kg/ha and 219 
kg/ha compared to unfertilized.  
Potassium (K) has a role in stimulating the 
plants in the vegetative growth period, 
increasing the plants' resistance to drought, 
pests, diseases and fall (Imas, 2007; Kovačević, 
2011). It also has a major contribution in 
synthesizing the fats and depositing them in the 
grains (Giosan, 1986).  
Potassium (K) fertilizers are more efficient 
when they are applied along with nitrogen (N), 
or with nitrogen (N) and phosphorus (P), KxN 

and KxNP (Burlacu, 2007). Some studies 
reported limitations of soybean grain yield 
(Imas, 2007) and a poor quality of the harvest 
due to the usage of potassium (K) fertilizers in 
inappropriate doses (Imas, 2007; Gill, 2008; 
Kovačević, 2011).  
Absorption and assimilation of mineral 
fertilizers from the soil by soybean plants are 
highly dependent on climatic conditions during 
the growing season (Ranđelović, 2009; Mandić, 
2015).  
For correcting the nutritional deficiencies 
encountered by the plants during the vegetation 
period is recommended to apply foliar 
fertilizers (Ranđelović, 2009; Mandić, 2015).  
Application of urea as a foliar fertilizer at the 
beginning of the reproductive period (R2-R3) 
determined increases of soybean grain yields of 
6-6.8% (Oko, 2003). 
The purpose of this research was to determine 
the influence of mineral fertilization along with 
nitrogen fixing bacteria Bradyrhizobium 
japonicum on the grain yield of some soybean 
varieties, from different maturity groups 
Glycine max (L.) Merrill, in the field conditions 
of South-East Romania. 
 
MATERIALS AND METHODS 
 
The experiment was conducted at Moara 
Domneasca Didactic Farm, Ilfov County – 
(44°29’33’’N, 26°15’20”E) during two 
agricultural years 2014/2015 - 2015/2016, placed 
on a chromic luvisoil. The research was based on 
the split plot method with three replications and 
the following factors tested:   
 
Factor A – soybean variety: a1 – Adsoy; a2 – 
Orion; a3 – Carla; a4 – Darina;  
a5 - PR92B63;  
Factor B – fertilization treatment with the 
following graduations: b1 - N0P60K0 (Control); 
b2 - N0P60K0 + Hortifor (foliar fertilizer); b3 - 
N45P60K0;b4 - N45P60K0 + Hortifor (foliar 
fertilizer); b5 - N45P60K45; b6 - N90P60K45;  
Factor C –– seeds inoculation before sowing: 
c1 - inoculated seeds with Nitragin Bac Soya 
(Bradyrhizobium japonicum); c2 – non-
inoculated seeds.  
Soybean varieties were sown at the distance of 
50 cm between rows on 16th of April 2015 and 
on 9th of April 2016. Before sowing the 

 

soybean seeds were inoculated with Nitragin 
Bac Soya in a dose of 300 g/ha.  
Seedbed preparation was made one day before 
sowing at 5-6 cm depth, using a pre-sowing 
combinator. Fertilizers were applied at the 
seedbed preparation and in vegetation. Foliar 
fertilization was made with Hortifor (N 30%; 
P2O5 20%; K2O 10%; Fe 0,04%; Mn 0,025%; 
Cu 0,015%, Mo 0,001%), at 62 and 77 days 
after sowing in 2014/2015, and 67 and 84 days 
after sowing in 2015/2016.  
In both years of research weeds were controlled 
in pre-emergence using the herbicide Dual 
Gold (1.5 l/ha) and after emergence with 
Basagran (2 l/ha) and Pantera (1.2 l/ha). The 
control of pests (Tetranychus urticae) was done 
using the insecticide Envidor 240 SC in a dose 
of 0.3 l/ha. In both years of experimentation the 
harvesting date for soybean varieties used in 
the research was different due to each variety 
maturity:  
a1 – Adsoy 0000, 17th August 2015 (123 days 
after showing) and 12th August 2016 (125 days 
after showing);   
a2 – Orion 0, 17th August 2015 (123 days after 
showing) and 17th August 2016 (125 days after 
showing); 
a3 – Carla 000 (ISTIS 2015), 07th September 
2015 (144 days after showing); 10th September 
2016 (154 days after showing);  
a4 – Darina 00, 07th September 2015 (144 days 
after showing) 2015; 10th September 2016 (154 
days after showing);  
a5 – PR92B63 0, 19th October 2015 (186 days 
after showing); 21th October 2016 (195 days 
after showing).  

Varieties belonging to different maturity group 
like Carla 000, and Darina 00, were harvested 
at the same date in the both years of research, 
144 days after sowing in 2015 and 154 days 
after sowing in 2016 and for Orion 0, and 
Adsoy 0000 the harvest date was the same only 
in 2016, 125 after sowing. 
 
RESULTS AND DISCUSSIONS 
 
Variety influence on soybean grain yield, 
Moara Domnească 
On average, in two years of research in variants 
where the soybean seeds were inoculated 
before sowing with Nitragin Bac Soya grain 
yield recorded was 1898.51 kg/ha, Table 1.  
Carla, Darina and PR92B63 varieties recorded 
on average, positive grain yields ranging from 
+ 3.4% to + 5.3% compared to Control 
(Average variety), without being statistically 
assured, Table 1. Adsoy and Orion varieties 
recorded on average the smallest grain yield 
values, representing 92.9% and 95% compared 
to Control. The highest grain yields were 
recorded in variants fertilized with N45P60K45 + 
Nitragin Bac Soya and in N90P60K45 + Nitragin 
Bac Soya with 115.29 kg/ha and 140.82 kg/ha.  
Orion variety fertilized N90P60K45 + Nitragin 
Bac Soya recorded 93.6% of Control, the 
difference of 155.29 kg/ha being distinct 
significantly negative.  
The minimum grain yield was 1319.80 kg/ha 
(Orion, N0P60K0 + Nitragin Bac Soya) and 
maximum was 2551.70 kg/ha (PR92B63, 
N90P60K45 + Nitragin Bac Soya) statistically 
assured for both varieties (Table 1). 
 

 

Table 1. Variety influence on soybean grain yield (GY, kg/ha) in variants inoculated with Soybean Nitragin Bac Soya, 
Average 2015-2016 

 ADSOY  ORION  CARLA  DARINA  PR92B63  Average - 
Variety 

  GY 
kg/ha 

Diff.  
% 

GY 
kg/ha 

Diff.  
% 

GY 
kg/ha 

Diff.  
% 

GY 
kg/ha 

Diff.  
% 

GY 
kg/ha 

Diff.  
% 

GY 
kg/ha % 

N0P60K0 1406.54ns 96.1 1319.800 90.2 1533.01 ns 104.7 1523.09 ns 104.1 1535.94ns 104.9 1463.68 Ct 

N0P60K0 + F 1486.34ns 96.3 1397.930 90.6 1604.64ns 104.0 1597.20 ns 103.5 1630.83ns 105.7 1543.39 Ct 
N45P60K0 1705.22 ns 95.1 1675.930 93.4 1832.90ns 102.2 1868.54ns 104.2 1885.49ns 105.1 1793.62 Ct 
N45P60K0+F 1825.05ns 95.2 1813.25 ns 94.6 1956.68ns 102.1 1977.50 ns 103.2 2008.84ns 104.8 1916.26 Ct 
N45P60K45 2130.140 94.1 2114.860 93.4 2349.58ns 103.8 2343.08ns 103.5 2378.53* 105.1 2263.24 Ct 
N90P60K45 2265.310 94.0 2255.5900 93.6 2496.20 ns 103.5 2485.64ns 103.1 2551.70* 105.8 2410.89 Ct 

Avg. 1803.10ns 95.0 1762.890 92.9 1962.17ns 103.4 1965.84ns 103.5 1998.56ns 105.3 1898.51 Ct 
LSD 5%  110.18;  LSD 1%  153.70; LSD 0.1%  216.68 
Note: Ct – control, ns – not significant, * positive significance, 0 negative significance, F - Hortifor 
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crop for nitrogen (N) (Wesley, 1998; Mahna, 
2005; Caliskan, 2008, Janagard, 2013), thus it 
is required to apply mineral nitrogen (N) 
fertilizers to improve yield and quality of the 
harvest (Ray, 2006; Osborne, 2006; Gan, 2003; 
Caliskan, 2008).  
Essential nutrients, nitrogen (N), phosphorus 
(P) and potassium (K) are playing a crucial role 
in increasing the productive potential of the 
soybean crop (Mohamed, 2011; Janagard, 
2013). Applying nitrogen (N) fertilizers as a 
starter has a positive influence on soybean grain 
yields (Starling, 2000; Osborne, 2006; 
Janagard, 2013). Increases in production 
between 28% - 30% were reported when 
mineral nitrogen (N) was applied in stages R1-
R3 (blooming) (Brevedan, 1978; Osborne, 
2006).  
Maximum nitrogen (N) requirements were 
recorded by the soybeans plants in reproductive 
phase (Hungria, 2006; Kaschuk, 2010; 
Kaschuk, 2016) and in the pods filling stage. 
An important role in soybean plants nutrition 
(Afzal, 2010; Jarecki, 2016) is owned by the 
availability of the macro and micro elements 
applied to soil or as a foliar fertilizer (Freeborn, 
2001; Jarecki, 2016). Along with nitrogen (N), 
phosphorus (P) and potassium (K) are 
contributing efficiently in increasing the 
soybean grains yields.  
Phosphorus has a positive influence on the 
nitrogen (N) biological fixation by increasing 
the number of active nodules per plant (Deac, 
2013) and it improves soybean crop yield under 
drought conditions (Zheng, 2010; Kovačević, 
2011).  
Researches carried out in the West of Romania, 
showed the positive influence of phosphorus 
(P) on soybean grain yield. Applied in doses of 
40 kg/ha and 80 kg/ha phosphorus (P) 
generated a growth between 183 kg/ha and 219 
kg/ha compared to unfertilized.  
Potassium (K) has a role in stimulating the 
plants in the vegetative growth period, 
increasing the plants' resistance to drought, 
pests, diseases and fall (Imas, 2007; Kovačević, 
2011). It also has a major contribution in 
synthesizing the fats and depositing them in the 
grains (Giosan, 1986).  
Potassium (K) fertilizers are more efficient 
when they are applied along with nitrogen (N), 
or with nitrogen (N) and phosphorus (P), KxN 

and KxNP (Burlacu, 2007). Some studies 
reported limitations of soybean grain yield 
(Imas, 2007) and a poor quality of the harvest 
due to the usage of potassium (K) fertilizers in 
inappropriate doses (Imas, 2007; Gill, 2008; 
Kovačević, 2011).  
Absorption and assimilation of mineral 
fertilizers from the soil by soybean plants are 
highly dependent on climatic conditions during 
the growing season (Ranđelović, 2009; Mandić, 
2015).  
For correcting the nutritional deficiencies 
encountered by the plants during the vegetation 
period is recommended to apply foliar 
fertilizers (Ranđelović, 2009; Mandić, 2015).  
Application of urea as a foliar fertilizer at the 
beginning of the reproductive period (R2-R3) 
determined increases of soybean grain yields of 
6-6.8% (Oko, 2003). 
The purpose of this research was to determine 
the influence of mineral fertilization along with 
nitrogen fixing bacteria Bradyrhizobium 
japonicum on the grain yield of some soybean 
varieties, from different maturity groups 
Glycine max (L.) Merrill, in the field conditions 
of South-East Romania. 
 
MATERIALS AND METHODS 
 
The experiment was conducted at Moara 
Domneasca Didactic Farm, Ilfov County – 
(44°29’33’’N, 26°15’20”E) during two 
agricultural years 2014/2015 - 2015/2016, placed 
on a chromic luvisoil. The research was based on 
the split plot method with three replications and 
the following factors tested:   
 
Factor A – soybean variety: a1 – Adsoy; a2 – 
Orion; a3 – Carla; a4 – Darina;  
a5 - PR92B63;  
Factor B – fertilization treatment with the 
following graduations: b1 - N0P60K0 (Control); 
b2 - N0P60K0 + Hortifor (foliar fertilizer); b3 - 
N45P60K0;b4 - N45P60K0 + Hortifor (foliar 
fertilizer); b5 - N45P60K45; b6 - N90P60K45;  
Factor C –– seeds inoculation before sowing: 
c1 - inoculated seeds with Nitragin Bac Soya 
(Bradyrhizobium japonicum); c2 – non-
inoculated seeds.  
Soybean varieties were sown at the distance of 
50 cm between rows on 16th of April 2015 and 
on 9th of April 2016. Before sowing the 

 

soybean seeds were inoculated with Nitragin 
Bac Soya in a dose of 300 g/ha.  
Seedbed preparation was made one day before 
sowing at 5-6 cm depth, using a pre-sowing 
combinator. Fertilizers were applied at the 
seedbed preparation and in vegetation. Foliar 
fertilization was made with Hortifor (N 30%; 
P2O5 20%; K2O 10%; Fe 0,04%; Mn 0,025%; 
Cu 0,015%, Mo 0,001%), at 62 and 77 days 
after sowing in 2014/2015, and 67 and 84 days 
after sowing in 2015/2016.  
In both years of research weeds were controlled 
in pre-emergence using the herbicide Dual 
Gold (1.5 l/ha) and after emergence with 
Basagran (2 l/ha) and Pantera (1.2 l/ha). The 
control of pests (Tetranychus urticae) was done 
using the insecticide Envidor 240 SC in a dose 
of 0.3 l/ha. In both years of experimentation the 
harvesting date for soybean varieties used in 
the research was different due to each variety 
maturity:  
a1 – Adsoy 0000, 17th August 2015 (123 days 
after showing) and 12th August 2016 (125 days 
after showing);   
a2 – Orion 0, 17th August 2015 (123 days after 
showing) and 17th August 2016 (125 days after 
showing); 
a3 – Carla 000 (ISTIS 2015), 07th September 
2015 (144 days after showing); 10th September 
2016 (154 days after showing);  
a4 – Darina 00, 07th September 2015 (144 days 
after showing) 2015; 10th September 2016 (154 
days after showing);  
a5 – PR92B63 0, 19th October 2015 (186 days 
after showing); 21th October 2016 (195 days 
after showing).  

Varieties belonging to different maturity group 
like Carla 000, and Darina 00, were harvested 
at the same date in the both years of research, 
144 days after sowing in 2015 and 154 days 
after sowing in 2016 and for Orion 0, and 
Adsoy 0000 the harvest date was the same only 
in 2016, 125 after sowing. 
 
RESULTS AND DISCUSSIONS 
 
Variety influence on soybean grain yield, 
Moara Domnească 
On average, in two years of research in variants 
where the soybean seeds were inoculated 
before sowing with Nitragin Bac Soya grain 
yield recorded was 1898.51 kg/ha, Table 1.  
Carla, Darina and PR92B63 varieties recorded 
on average, positive grain yields ranging from 
+ 3.4% to + 5.3% compared to Control 
(Average variety), without being statistically 
assured, Table 1. Adsoy and Orion varieties 
recorded on average the smallest grain yield 
values, representing 92.9% and 95% compared 
to Control. The highest grain yields were 
recorded in variants fertilized with N45P60K45 + 
Nitragin Bac Soya and in N90P60K45 + Nitragin 
Bac Soya with 115.29 kg/ha and 140.82 kg/ha.  
Orion variety fertilized N90P60K45 + Nitragin 
Bac Soya recorded 93.6% of Control, the 
difference of 155.29 kg/ha being distinct 
significantly negative.  
The minimum grain yield was 1319.80 kg/ha 
(Orion, N0P60K0 + Nitragin Bac Soya) and 
maximum was 2551.70 kg/ha (PR92B63, 
N90P60K45 + Nitragin Bac Soya) statistically 
assured for both varieties (Table 1). 
 

 

Table 1. Variety influence on soybean grain yield (GY, kg/ha) in variants inoculated with Soybean Nitragin Bac Soya, 
Average 2015-2016 

 ADSOY  ORION  CARLA  DARINA  PR92B63  Average - 
Variety 

  GY 
kg/ha 

Diff.  
% 

GY 
kg/ha 

Diff.  
% 

GY 
kg/ha 

Diff.  
% 

GY 
kg/ha 

Diff.  
% 

GY 
kg/ha 

Diff.  
% 

GY 
kg/ha % 

N0P60K0 1406.54ns 96.1 1319.800 90.2 1533.01 ns 104.7 1523.09 ns 104.1 1535.94ns 104.9 1463.68 Ct 

N0P60K0 + F 1486.34ns 96.3 1397.930 90.6 1604.64ns 104.0 1597.20 ns 103.5 1630.83ns 105.7 1543.39 Ct 
N45P60K0 1705.22 ns 95.1 1675.930 93.4 1832.90ns 102.2 1868.54ns 104.2 1885.49ns 105.1 1793.62 Ct 
N45P60K0+F 1825.05ns 95.2 1813.25 ns 94.6 1956.68ns 102.1 1977.50 ns 103.2 2008.84ns 104.8 1916.26 Ct 
N45P60K45 2130.140 94.1 2114.860 93.4 2349.58ns 103.8 2343.08ns 103.5 2378.53* 105.1 2263.24 Ct 
N90P60K45 2265.310 94.0 2255.5900 93.6 2496.20 ns 103.5 2485.64ns 103.1 2551.70* 105.8 2410.89 Ct 

Avg. 1803.10ns 95.0 1762.890 92.9 1962.17ns 103.4 1965.84ns 103.5 1998.56ns 105.3 1898.51 Ct 
LSD 5%  110.18;  LSD 1%  153.70; LSD 0.1%  216.68 
Note: Ct – control, ns – not significant, * positive significance, 0 negative significance, F - Hortifor 
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In variants where only mineral fertilizers were 
applied, the average grain yield of varieties was 
1829.80 kg/ha, lower with 68.71 kg/ha 
compared with variants where the seeds were 
inoculated with Nitragin Bac Soya before 
sowing (Table 2).  
Compared to Control for the varieties Carla, 
Darina and PR92B63 the average yields 
increases were of 68.71 kg/ha (3.8%), 63.96 
kg/ha (3.5%) and 90.96 kg/ha (5%) (Table 2). 
Orion and Adsoy had yield decreases between -
9.1% and -3.4% (Table 2), compared with the 
average grain yield recorded by the tested 
varieties.  

In variants fertilized with N90P60K45 and 
N45P60K45 Orion recorded a grain yield of 
2063.27 kg/ha and 2194.79 kg/ha, with a 
difference distinctly negative compared to 
Control.  
The maximum grain yield was achieved by 
PR92B63, 2483.43 kg/ha, in variants fertilized 
with N90P60K45 and the lowest value was 
recorded by Orion in N0P60K0, 1277.41 kg/ha. 
Compared to Control varieties recorded on 
average grain yield differences between -
131.85 kg/ha and +90.96 kg/ha, Table 2. 

 

Table 2. Variety influence on soybean grain yield (GY, kg/ha), in variants non-inoculated with Nitragin Bac Soya 
Average 2015/2016 

 ADSOY ORION CARLA DARINA PR92B63 Average – 
Variety 

  GY 
Kg/ha % GY 

Kg/ha % GY 
Kg/ha % GY 

Kg/ha % GY 
Kg/ha % GY 

Kg/ha % 

N0P60K0 1358.21ns 96.6 1277.410 90.9 1464.62 ns 104.2 1444.57 ns 102.8 1482.55 ns 105.5 1405.47 Ct 
N0P60K0 + F 1404.06 ns 95.1 1366.940 92.5 1535.58 ns 104.0 1523.47 ns 103.1 1555.16 ns 105.3 1477.04 Ct 
N45P60K0 1605.80 ns 95.3 1562.620 92.8 1746.43 ns 103.7 1744.23 ns 103.5 1764.34 ns 104.7 1684.68 Ct 
N45P60K0+F 1767.04 ns 95.5 1722.630 93.1 1922.55 ns 103.9 1910.51 ns 103.3 1927.18 ns 104.2 1849.98 Ct 
N45P60K45 2088.940 94.3 2063.2700 93.2 2299.79 ns 103.8 2310.48 ns 104.3 2311.88 ns 104.4 2214.87 Ct 
N90P60K45 2204.110 93.9 2194.7900 93.5 2422.07 ns 103.2 2429.29 ns 103.5 2483.43 * 105.8 2346.74 Ct 

Avg. 1738.02 ns 95.0 1697.950 92.8 1898.51 ns 103.8 1893.76 ns 103.5 1920.76 ns 105.0 1829.80 Ct 

LSD 5%  108.76; LSD 1%   150.61; LSD 0.1%  209.81 
Note: Ct – control, ns – not significant, * positive significance, 0 negative significance, F – Hortifor 
 
Fertilization influence on soybean grain yield, 
Moara Domneasca 
Table 3 presents the influence of fertilization 
on the grain yield, compared to Control 
N0P60K0 + Bac Nitragin Soya.  
The five varieties tested recorded an average 
grain yield increase between 5.4% and 64.7%. 
Fertilization with nitrogen doses of 45 kg/ha 
and 90 kg/ha, the usage of NPK complex 
fertilizers and foliar fertilizers had a very 
significant positive influence on the soybean 
varieties grain yield.  
Regarding the treatment with N0P60K0 + 
Hortifor + Nitragin Bac Soya the grain yield 

varied from 71.63 kg/ha (4.7%) and 94.88 
kg/ha (6.2%), statistically unassured.  
Fertilization with nitrogen in doses of 90 kg/ha 
brought yield increases of 858.76 kg/ha 
(Adsoy) and 1015.76 kg/ha (PR92B63) 
compared with Control (Table 3).  
For variants where applied foliar treatments 
and nitrogen fertilizers in doses of 45 kg/ha 
were applied the average increase of yields was 
of 54.6%.   
On average the mineral fertilizer along with 
Nitragin Bac Soya generated a grain yield 
increase of 29.7% for the soybean varieties 
tested at Moara Domneasca Didactic Farm.

 
 
 
 
 
 
 
 
 

 
Table 3. Fertilization influence on soybean varieties grain yields (GY, kg/ha) in variants inoculated  

with Nitragin Bac Soya, Average 2015-2016 

ADSOY ORION CARLA DARINA PR92B63 Average - Variety 
  GY 

Kg/ha % GY 
Kg/ha % GY 

Kg/ha % GY 
Kg/ha % GY 

Kg/ha % GY 
Kg/ha % 

N0P60K0 1406.54ns Ct. 1319.80ns Ct. 1533.01ns Ct. 1523.09ns Ct. 1535.94 ns Ct. 1463.68ns Ct. 

N0P60K0 + F 1486.34ns 105.7 1397.93ns 105.9 1604.64ns 104.7 1597.20ns 104.9 1630.83 ns 106.2 1543.39ns 105.4 

N45P60K0 1705.22*** 121.2 1675.93*** 127.0 1832.90*** 119.6 1868.54*** 122.7 1885.49*** 122.8 1793.62*** 122.5 

N45P60K0+F 1825.05*** 129.8 1813.25*** 137.4 1956.68*** 127.6 1977.50*** 129.8 2008.84*** 130.8 1916.26*** 130.9 

N45P60K45 2130.14*** 151.4 2114.86*** 160.2 2349.58*** 153.3 2343.08*** 153.8 2378.53*** 154.9 2263.24*** 154.6 

N90P60K45 2265.31*** 161.1 2255.59*** 170.9 2496.20*** 162.8 2485.64*** 163.2 2551.70*** 166.1 2410.89*** 164.7 

Avg.  1803.10*** 128.2 1762.89*** 133.6 1962.17*** 128.0 1965.84*** 129.1 1998.56*** 130.1 1898.51*** 129.7 

LSD 5%  98.23; LSD 1%  130.33; LSD 0.1%  168.89; Note: Ct – control, ns – not significant, * positive significance, 0 negative significance; F - Hortifor 

 

Table 4. Fertilization influence on soybean varieties grain yield (GY kg/ha) in variants non-inoculated with 
Nitragin Bac Soya (Moara Domnească, Average 2014-2015) 

ADSOY ORION CARLA DARINA PR92B63 Average – Variety 

  GY 
Kg/ha % GY 

Kg/ha % GY 
Kg/ha % GY 

Kg/ha % GY 
Kg/ha % GY 

Kg/ha % 

N0P60K0 1358.21 Ct. 1277.41 Ct. 1464.62 Ct. 1444.57 Ct. 1482.55 Ct. 1405.47 Ct. 
N0P60K0 + F 1404.06*** 103.4 1366.94*** 107.0 1535.58*** 104.8 1523.47*** 105.5 1555.16*** 104.9 1477.04*** 105.1 
N45P60K0 1605.80*** 118.2 1562.62*** 122.3 1746.43*** 119.2 1744.23*** 120.7 1764.34*** 119.0 1684.68*** 119.9 
N45P60K0+F 1767.04*** 130.1 1722.63*** 134.9 1922.55*** 131.3 1910.51*** 132.3 1927.18*** 130.0 1849.98*** 131.6 
N45P60K45 2088.94*** 153.8 2063.27*** 161.5 2299.79*** 157.0 2310.48*** 159.9 2311.88*** 155.9 2214.87*** 157.6 
N90P60K45 2204.11*** 162.3 2194.79*** 171.8 2422.07*** 165.4 2429.29*** 168.2 2483.43*** 167.5 2346.74*** 167.0 

Avg. 1738.02*** 128.0 1697.95*** 132.9 1898.51*** 129.6 1893.76*** 131.1 1920.76*** 129.6 1829.80*** 130.2 

LSD 5% 109.62 kg/ha; LSD 1% 145.43 kg/ha; LSD 0.1% 188.46 kg/ha 
Note: Ct – control, ns – not significant, * positive significance, 0 negative significance, F – Hortifor 

 
For non-inoculated variants, Table 4, the 
average grain yield recorded values between 
1405.47 kg/ha (N0P60K0, Ct.) and 2346.74 
kg/ha (N90P60K45).  
Treatment with complex fertilizers N90P60K45 
determined a very significantly positive 
increase in yield, of 845.90 kg/ha (Adsoy) and 
1000.88 kg/ha (PR92B63) (Table 4). All the 
tested varieties recorded increased grain yields 
very significantly positive between 45.85 kg/ha 
(+3.4%) and 89.53 kg/ha (+7%), in variants 
treated with N0P60K0 + Hortifor. In variants 
treated with N45P60K0+Hortifor grain yields 
varied compared to control from +30% to 
+34.9% (Table 4). The positive influence of 
fertilization on the grain yield was significant 
for all the five soybean varieties tested. 

 
Inoculation with Bradyrhizobium japonicum 
(Nitragin Bac Soya) influence on soybean 
grain yields, Moara Domneasca 
Inoculation with Nitragin Bac Soya before 
sowing, for the five varieties tested in South-
East of Romania between 2014/2015 - 
2015/2016 brought grain yield increases 
between 2.18% and 6.47%. The data in Table 4 
highlights the influence of the treatment with 
Nitrogen Bac Soya inoculant, Bradyrhizobium 
japonicum, compared to non-inoculated, 
Control (Ct.). On average the seed inoculation 
with Nitragin Bac Soya, with nitrogen - fixing 
bacteria Bradyrhizobium japonicum generated 
a grain yield increase of 68.71 kg/ha (3.76%), 
statistically assured (Table 5). 
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In variants where only mineral fertilizers were 
applied, the average grain yield of varieties was 
1829.80 kg/ha, lower with 68.71 kg/ha 
compared with variants where the seeds were 
inoculated with Nitragin Bac Soya before 
sowing (Table 2).  
Compared to Control for the varieties Carla, 
Darina and PR92B63 the average yields 
increases were of 68.71 kg/ha (3.8%), 63.96 
kg/ha (3.5%) and 90.96 kg/ha (5%) (Table 2). 
Orion and Adsoy had yield decreases between -
9.1% and -3.4% (Table 2), compared with the 
average grain yield recorded by the tested 
varieties.  

In variants fertilized with N90P60K45 and 
N45P60K45 Orion recorded a grain yield of 
2063.27 kg/ha and 2194.79 kg/ha, with a 
difference distinctly negative compared to 
Control.  
The maximum grain yield was achieved by 
PR92B63, 2483.43 kg/ha, in variants fertilized 
with N90P60K45 and the lowest value was 
recorded by Orion in N0P60K0, 1277.41 kg/ha. 
Compared to Control varieties recorded on 
average grain yield differences between -
131.85 kg/ha and +90.96 kg/ha, Table 2. 

 

Table 2. Variety influence on soybean grain yield (GY, kg/ha), in variants non-inoculated with Nitragin Bac Soya 
Average 2015/2016 

 ADSOY ORION CARLA DARINA PR92B63 Average – 
Variety 

  GY 
Kg/ha % GY 

Kg/ha % GY 
Kg/ha % GY 

Kg/ha % GY 
Kg/ha % GY 

Kg/ha % 

N0P60K0 1358.21ns 96.6 1277.410 90.9 1464.62 ns 104.2 1444.57 ns 102.8 1482.55 ns 105.5 1405.47 Ct 
N0P60K0 + F 1404.06 ns 95.1 1366.940 92.5 1535.58 ns 104.0 1523.47 ns 103.1 1555.16 ns 105.3 1477.04 Ct 
N45P60K0 1605.80 ns 95.3 1562.620 92.8 1746.43 ns 103.7 1744.23 ns 103.5 1764.34 ns 104.7 1684.68 Ct 
N45P60K0+F 1767.04 ns 95.5 1722.630 93.1 1922.55 ns 103.9 1910.51 ns 103.3 1927.18 ns 104.2 1849.98 Ct 
N45P60K45 2088.940 94.3 2063.2700 93.2 2299.79 ns 103.8 2310.48 ns 104.3 2311.88 ns 104.4 2214.87 Ct 
N90P60K45 2204.110 93.9 2194.7900 93.5 2422.07 ns 103.2 2429.29 ns 103.5 2483.43 * 105.8 2346.74 Ct 

Avg. 1738.02 ns 95.0 1697.950 92.8 1898.51 ns 103.8 1893.76 ns 103.5 1920.76 ns 105.0 1829.80 Ct 

LSD 5%  108.76; LSD 1%   150.61; LSD 0.1%  209.81 
Note: Ct – control, ns – not significant, * positive significance, 0 negative significance, F – Hortifor 
 
Fertilization influence on soybean grain yield, 
Moara Domneasca 
Table 3 presents the influence of fertilization 
on the grain yield, compared to Control 
N0P60K0 + Bac Nitragin Soya.  
The five varieties tested recorded an average 
grain yield increase between 5.4% and 64.7%. 
Fertilization with nitrogen doses of 45 kg/ha 
and 90 kg/ha, the usage of NPK complex 
fertilizers and foliar fertilizers had a very 
significant positive influence on the soybean 
varieties grain yield.  
Regarding the treatment with N0P60K0 + 
Hortifor + Nitragin Bac Soya the grain yield 

varied from 71.63 kg/ha (4.7%) and 94.88 
kg/ha (6.2%), statistically unassured.  
Fertilization with nitrogen in doses of 90 kg/ha 
brought yield increases of 858.76 kg/ha 
(Adsoy) and 1015.76 kg/ha (PR92B63) 
compared with Control (Table 3).  
For variants where applied foliar treatments 
and nitrogen fertilizers in doses of 45 kg/ha 
were applied the average increase of yields was 
of 54.6%.   
On average the mineral fertilizer along with 
Nitragin Bac Soya generated a grain yield 
increase of 29.7% for the soybean varieties 
tested at Moara Domneasca Didactic Farm.

 
 
 
 
 
 
 
 
 

 
Table 3. Fertilization influence on soybean varieties grain yields (GY, kg/ha) in variants inoculated  

with Nitragin Bac Soya, Average 2015-2016 

ADSOY ORION CARLA DARINA PR92B63 Average - Variety 
  GY 

Kg/ha % GY 
Kg/ha % GY 

Kg/ha % GY 
Kg/ha % GY 

Kg/ha % GY 
Kg/ha % 

N0P60K0 1406.54ns Ct. 1319.80ns Ct. 1533.01ns Ct. 1523.09ns Ct. 1535.94 ns Ct. 1463.68ns Ct. 

N0P60K0 + F 1486.34ns 105.7 1397.93ns 105.9 1604.64ns 104.7 1597.20ns 104.9 1630.83 ns 106.2 1543.39ns 105.4 

N45P60K0 1705.22*** 121.2 1675.93*** 127.0 1832.90*** 119.6 1868.54*** 122.7 1885.49*** 122.8 1793.62*** 122.5 

N45P60K0+F 1825.05*** 129.8 1813.25*** 137.4 1956.68*** 127.6 1977.50*** 129.8 2008.84*** 130.8 1916.26*** 130.9 

N45P60K45 2130.14*** 151.4 2114.86*** 160.2 2349.58*** 153.3 2343.08*** 153.8 2378.53*** 154.9 2263.24*** 154.6 

N90P60K45 2265.31*** 161.1 2255.59*** 170.9 2496.20*** 162.8 2485.64*** 163.2 2551.70*** 166.1 2410.89*** 164.7 

Avg.  1803.10*** 128.2 1762.89*** 133.6 1962.17*** 128.0 1965.84*** 129.1 1998.56*** 130.1 1898.51*** 129.7 

LSD 5%  98.23; LSD 1%  130.33; LSD 0.1%  168.89; Note: Ct – control, ns – not significant, * positive significance, 0 negative significance; F - Hortifor 

 

Table 4. Fertilization influence on soybean varieties grain yield (GY kg/ha) in variants non-inoculated with 
Nitragin Bac Soya (Moara Domnească, Average 2014-2015) 

ADSOY ORION CARLA DARINA PR92B63 Average – Variety 

  GY 
Kg/ha % GY 

Kg/ha % GY 
Kg/ha % GY 

Kg/ha % GY 
Kg/ha % GY 

Kg/ha % 

N0P60K0 1358.21 Ct. 1277.41 Ct. 1464.62 Ct. 1444.57 Ct. 1482.55 Ct. 1405.47 Ct. 
N0P60K0 + F 1404.06*** 103.4 1366.94*** 107.0 1535.58*** 104.8 1523.47*** 105.5 1555.16*** 104.9 1477.04*** 105.1 
N45P60K0 1605.80*** 118.2 1562.62*** 122.3 1746.43*** 119.2 1744.23*** 120.7 1764.34*** 119.0 1684.68*** 119.9 
N45P60K0+F 1767.04*** 130.1 1722.63*** 134.9 1922.55*** 131.3 1910.51*** 132.3 1927.18*** 130.0 1849.98*** 131.6 
N45P60K45 2088.94*** 153.8 2063.27*** 161.5 2299.79*** 157.0 2310.48*** 159.9 2311.88*** 155.9 2214.87*** 157.6 
N90P60K45 2204.11*** 162.3 2194.79*** 171.8 2422.07*** 165.4 2429.29*** 168.2 2483.43*** 167.5 2346.74*** 167.0 

Avg. 1738.02*** 128.0 1697.95*** 132.9 1898.51*** 129.6 1893.76*** 131.1 1920.76*** 129.6 1829.80*** 130.2 

LSD 5% 109.62 kg/ha; LSD 1% 145.43 kg/ha; LSD 0.1% 188.46 kg/ha 
Note: Ct – control, ns – not significant, * positive significance, 0 negative significance, F – Hortifor 

 
For non-inoculated variants, Table 4, the 
average grain yield recorded values between 
1405.47 kg/ha (N0P60K0, Ct.) and 2346.74 
kg/ha (N90P60K45).  
Treatment with complex fertilizers N90P60K45 
determined a very significantly positive 
increase in yield, of 845.90 kg/ha (Adsoy) and 
1000.88 kg/ha (PR92B63) (Table 4). All the 
tested varieties recorded increased grain yields 
very significantly positive between 45.85 kg/ha 
(+3.4%) and 89.53 kg/ha (+7%), in variants 
treated with N0P60K0 + Hortifor. In variants 
treated with N45P60K0+Hortifor grain yields 
varied compared to control from +30% to 
+34.9% (Table 4). The positive influence of 
fertilization on the grain yield was significant 
for all the five soybean varieties tested. 

 
Inoculation with Bradyrhizobium japonicum 
(Nitragin Bac Soya) influence on soybean 
grain yields, Moara Domneasca 
Inoculation with Nitragin Bac Soya before 
sowing, for the five varieties tested in South-
East of Romania between 2014/2015 - 
2015/2016 brought grain yield increases 
between 2.18% and 6.47%. The data in Table 4 
highlights the influence of the treatment with 
Nitrogen Bac Soya inoculant, Bradyrhizobium 
japonicum, compared to non-inoculated, 
Control (Ct.). On average the seed inoculation 
with Nitragin Bac Soya, with nitrogen - fixing 
bacteria Bradyrhizobium japonicum generated 
a grain yield increase of 68.71 kg/ha (3.76%), 
statistically assured (Table 5). 
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Table 5. Mineral fertilization along with Nitragin Bac Soya inoculant influence on soybean varieties grain yield  

(GY kg/ha) (Moara Domnească, Average 2014-2015) 

Non – Inoculated (a1) Inoculated (a2) Diff.  

 GY 
Kg/ha % Signf. GY 

Kg/ha % a2-a1 
Kg/ha Signf. 

N0P60K0 1405.47 100.00 Ct 1463.68 104.14 58.21 - 
N0P60K0 + F 1477.04 100.00 Ct 1543.39 104.49 66.34 + 
N45P60K0 1684.68 100.00 Ct 1793.62 106.47 108.93 ++ 
N45P60K0+F 1849.98 100.00 Ct 1916.26 103.58 66.28 + 
N45P60K45 2214.87 100.00 Ct 2263.24 102.18 48.37 - 
N90P60K45 2346.74 100.00 Ct 2410.89 102.73 64.15 + 
Avg. 1829.80 100.00 Ct 1898.51 103.76 68.71 + 

LSD 5% 58.94 kg/ha; LSD 1% 82.53 kg/ha; LSD 0.1% 121.22 kg/ha 
Note: Ct – control, ns – not significant, * positive significance, 0 negative significance, F – Hortifor 

 
The five varieties tested recorded a maximum 
grain yield statistically assured of 108.93 kg/ha 
(6.4%), and a minimum of 48.37 kg/ha, 
uninsured statistically.  

Correlation between doses of active fertilizers 
on soybean grain yield 
The grain yield of the five varieties tested was 
strongly influenced by the mineral fertilizers 
and by Nitragin Bac Soya inoculant, 
Bradyrhizobium japonicum.  

The high positive correlation between fertilizer 
doses (a.s.) is supported by a coefficient with 
the value r = 0.98635, the increased grain 
yields are due in a proportion of 98% to the 
doses of active substance fertilizers applied, 
supported by the determination coefficient R2 = 
0.9729 (r*** = 0.98635 very significant 
positive) (Figure 1). 

 

Figure 1. Correlation between the grain yield (GY kg/ha) 
of soybeans varieties and the doses of active substance 

fertilizers along with Nitragin Bac Soya (kg/ha) 

Influence of active doses of fertilizer on the 
grain yields for the  tested varieties (Figure 2) 
in non-inoculated variants is supported by a 
correlation coefficient with a value r*** = 
0.9715 very significant positive. 

 

Figure 2. Correlation between the grain yield (GY kg/ha) 
of soybeans varieties and the doses of active substance 
(kg/ha) in variants non-inoculated, Nitragin Bac Soya 

The relationship between grain yield and the 
amount of active substance applied is described 
by the regression line having a positive slope 
(Figure 2).  
The increased grain yield was influenced in a 
proportion of 94% by the doses of active 
substance fertilizers applied, supported by the 
determination coefficient R2 = 0.944.  

CONCLUSIONS  

Research conducted in South - East of Romania 
at Moara Domneasca Didactic Farm, Ilfov 

 
County, during two agricultural years 
2014/2015 - 2015/2016 highlights the positive 
influence of different doses of fertilizers along 
with inoculation with Bradyrhizobium 
japonicum, on the grain yields of five soybean 
varieties from different maturity groups.  
Mineral fertilization along with inoculation 
with Nitragin Bac Soya, Bradyrhizobium 
japonicum, generated grain yields between 
1319.80 kg/ha (Orion, N0P60K0 + Nitragin Bac 
Soya) - 2551.70 kg/ha (PR92B63, N90P60K45 + 
Nitragin Bac Soya). For non-inoculated 
variants, the grain yields ranged between 
1277.41 kg/ha (Orion, N0P60K0 ) - 2483.43 
kg/ha (PR92B63, N90P60K45).  
For variants fertilized with N45P60K0 + 
Nitrogen Bac Soya the five varieties tested 
recorded an average increase of grain yield of 
108.93 kg/ha, compared with non-inoculated 
variants. Inoculation with Nitragin Bac Soya,  
nitrogen - fixing bacteria Bradyrhizobium 
japonicum generated a grain yield increase of 
68.71 kg/ha (3.76%),  statistically assured. 
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Table 5. Mineral fertilization along with Nitragin Bac Soya inoculant influence on soybean varieties grain yield  

(GY kg/ha) (Moara Domnească, Average 2014-2015) 

Non – Inoculated (a1) Inoculated (a2) Diff.  

 GY 
Kg/ha % Signf. GY 

Kg/ha % a2-a1 
Kg/ha Signf. 

N0P60K0 1405.47 100.00 Ct 1463.68 104.14 58.21 - 
N0P60K0 + F 1477.04 100.00 Ct 1543.39 104.49 66.34 + 
N45P60K0 1684.68 100.00 Ct 1793.62 106.47 108.93 ++ 
N45P60K0+F 1849.98 100.00 Ct 1916.26 103.58 66.28 + 
N45P60K45 2214.87 100.00 Ct 2263.24 102.18 48.37 - 
N90P60K45 2346.74 100.00 Ct 2410.89 102.73 64.15 + 
Avg. 1829.80 100.00 Ct 1898.51 103.76 68.71 + 

LSD 5% 58.94 kg/ha; LSD 1% 82.53 kg/ha; LSD 0.1% 121.22 kg/ha 
Note: Ct – control, ns – not significant, * positive significance, 0 negative significance, F – Hortifor 

 
The five varieties tested recorded a maximum 
grain yield statistically assured of 108.93 kg/ha 
(6.4%), and a minimum of 48.37 kg/ha, 
uninsured statistically.  

Correlation between doses of active fertilizers 
on soybean grain yield 
The grain yield of the five varieties tested was 
strongly influenced by the mineral fertilizers 
and by Nitragin Bac Soya inoculant, 
Bradyrhizobium japonicum.  

The high positive correlation between fertilizer 
doses (a.s.) is supported by a coefficient with 
the value r = 0.98635, the increased grain 
yields are due in a proportion of 98% to the 
doses of active substance fertilizers applied, 
supported by the determination coefficient R2 = 
0.9729 (r*** = 0.98635 very significant 
positive) (Figure 1). 

 

Figure 1. Correlation between the grain yield (GY kg/ha) 
of soybeans varieties and the doses of active substance 

fertilizers along with Nitragin Bac Soya (kg/ha) 

Influence of active doses of fertilizer on the 
grain yields for the  tested varieties (Figure 2) 
in non-inoculated variants is supported by a 
correlation coefficient with a value r*** = 
0.9715 very significant positive. 

 

Figure 2. Correlation between the grain yield (GY kg/ha) 
of soybeans varieties and the doses of active substance 
(kg/ha) in variants non-inoculated, Nitragin Bac Soya 

The relationship between grain yield and the 
amount of active substance applied is described 
by the regression line having a positive slope 
(Figure 2).  
The increased grain yield was influenced in a 
proportion of 94% by the doses of active 
substance fertilizers applied, supported by the 
determination coefficient R2 = 0.944.  

CONCLUSIONS  

Research conducted in South - East of Romania 
at Moara Domneasca Didactic Farm, Ilfov 

 
County, during two agricultural years 
2014/2015 - 2015/2016 highlights the positive 
influence of different doses of fertilizers along 
with inoculation with Bradyrhizobium 
japonicum, on the grain yields of five soybean 
varieties from different maturity groups.  
Mineral fertilization along with inoculation 
with Nitragin Bac Soya, Bradyrhizobium 
japonicum, generated grain yields between 
1319.80 kg/ha (Orion, N0P60K0 + Nitragin Bac 
Soya) - 2551.70 kg/ha (PR92B63, N90P60K45 + 
Nitragin Bac Soya). For non-inoculated 
variants, the grain yields ranged between 
1277.41 kg/ha (Orion, N0P60K0 ) - 2483.43 
kg/ha (PR92B63, N90P60K45).  
For variants fertilized with N45P60K0 + 
Nitrogen Bac Soya the five varieties tested 
recorded an average increase of grain yield of 
108.93 kg/ha, compared with non-inoculated 
variants. Inoculation with Nitragin Bac Soya,  
nitrogen - fixing bacteria Bradyrhizobium 
japonicum generated a grain yield increase of 
68.71 kg/ha (3.76%),  statistically assured. 
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Abstract 
 
This study was carried out to detect of Tobacco mosaic virus (TMV) in tobacco growing areas in Denizli 
province, Turkey. Total of 94 plant samples including mosaic, curling of leaves, chlorotic lesion and stunding 
symptoms were collected from the fields in Denizli province during 2015-2016 years. Presence of Tobacco 
mosaic virus was investigated using Double antibody sandwich enzyme linked immunosorbent assay  
(DAS-ELISA) method. As a result of DAS-ELISA, it was found 30.85% of leaf samples with TMV. 
 
Key words: tobacco, TMV, DAS-ELISA. 
 
 

 

INTRODUCTION 
 

Tobacco (Nicotiana tabacum L.) is an annual 
plant from the family Solanaceae. Nicotiana 
tabacum is one of more than 60 species in the 
genus Nicotiana. By selecting locally adapted 
plants many variations have been stabilised as 
cultivars and different tobacco types have 
developed namely Virginia, flue-cured, air-
cured, fire-cured, burley, oriental also called 
Turkish tobaccos are world wide variations of 
the same species. Disease resistances have 
been transferred by various breeding 
techniques from the related species of this 
genus, many of which have only a very small 
leaf on a small shrub. The types of tobacco 
vary in their morphology, quality, taste, 
aroma and final use in the blending of 
mixtures for use as base material for cigars, 
cigarettes, chewing tobacco or snuff (Ergün 
and Uğurlu, 2006). 
Tobacco can be used in pipe, cigarette, paint, 
soap industry, cologne and perfume making 
(Şahin and Taşlıgil, 2013). 
The homeland of tobacco is stated to be 
Central America. China is the leader in 
worldwide tobacco production as of 2014 
with 3,000,000 tons. It is followed by 
Brasilia, India and USA. Whereas Turkey is 
ranked tenth with 90,000 tons. Denizli 
province is important for tobacco production 
due to their soil and climatic properties and  

rich irrigation facilities. Especially, high 
quality tobacco is produced in Kale and 
Tavas districts of Denizli (Tüik, 2015). 
Significant efficiency losses occur in tobacco 
cultivation due to wrong or insufficient 
agricultural applications as well as biotic and 
abiotic disease factors. There are many fungi, 
bacteria and virus based diseases in the 
tobacco cultivation areas which limit 
cultivation.  
Virus diseases are significant among these 
factors due to their chemical and physical 
structures, sizes, types of infection, symptom 
formation, transport and the lack of an effec-
tive struggle against them (Agrios, 1997). 
The viruses that are observed in tobacco 
which cause significant losses in efficiency 
are as follows: Tobacco mosaic virus (TMV), 
Tomato mosaic virus (ToMV), Cucumber 
mosaic virus (CMV), Potato Y virus (PVY), 
Tobacco etch virus (TEV) (Brunt et al., 1996; 
Zhu et al., 2002). 
TMV belongs to the Tobamovirus type. Virus 
includes linear single helical RNA genome. It 
has a rod shaped particle structure. The virus 
has a length of about 300 nm and a width of 
about 18 nm. Virus particles consist of % 5 
nucleic acid; % 95 protein. The genome is 
single pieced (Goelet et al., 1982). 
Tobacco mosaic virus is an economically 
important disease infecting tobacco and other 
Solanaceous crops worldwide. TMV infects 
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