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months from harvest, the stored tubers didn’t 
have visible tuber necrotic disease symptoms. 
Results of this study show a significant 
difference between the total vitamin C content 
of the healthy and PVYN infected tubers from 
the varieties tested (cultivars with different 
behaviour to inoculation with necrotic strain of 
PVY). However, it must be considered that the 
results presented in this paper arise from 
working with only a few of biological material 
and upper greenhouse growing conditions. 
Also, extended field trials would be made to 
confirm our research results. 
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Abstract 
 
Sorghum (Sorghum bicolor (L.) Moench) is among the most important energy crops used for biomass production as 
substrate for obtaining biogas which is converted by combustion into power energy and heat. The importance of 
sorghum as an energy crop is given by some advantages such as the drought tolerance, the great potential to produce 
biomass even under less favorable growing conditions, and the easiness to be cultivated.  
For sorghum energy crops aimed to produce biomass, already there are created specialized hybrids for this purpose, 
but there is necessary also a specific crop technology according to this purpose. Among the important elements of the 
crop technology there are counted the plant density. From this perspective, the aim of this paper is to present the 
biomass yields of two sorghum hybrids at different plant densities. In view to accomplish this aim, a field experiment 
was performed in the specific conditions from South Romania and under the climatic conditions of 2016, with two 
sorghum hybrids (BMR Gold X and EUG 542 F) sown under three plant densities: 22 plants.m-2, 28 plants.m-2, and 34 
plants.m-2. The biomass determinations were performed in the early dough – dough plant growth stage. For each 
experimental variant, there was calculated the fresh and dry biomass yield which was expressed in tons.ha-1. 
 
Key words: biomass, sorghum, yield, plant density.  
 
INTRODUCTION 
 
Sorghum (Sorghum bicolor (L.) Moench) is an 
important fodder crop for both arid and semi-
arid regions of the world (Tookalloo, 2014). 
Also it is used as food in Africa, India, China, 
and Central America, as well as in the food 
industry for starch, alcohol and beer production 
(Oprea et al., 2015). Moreover, sorghum is 
among the most important energy crops used 
for biomass production as substrate for 
obtaining biogas which is converted by 
combustion into power energy and heat.  
Biomass, as a renewable energy source, is an 
important substitute for fossil fuels (Trulea et 
al., 2016). In fact, biomass is the most common 
form of renewable energy (McKendry, 2002). 
In the biogas production from biomass, 
sorghum may constitute an alternative for 
maize, which is characterised by a relatively 
high methane yield in biogas (Sałagan et al., 
2012; Mahmood et al., 2013).  
Compared to sorghum, the methan potential of 
maize was about 10% higher according to the 

“Baserga-model” (Zeise, 2014). But, in a field 
experiment performed in US in 2008 and 2009, 
sorghum bioenergy crops yielded more 
aboveground dry matter than maize in both 
years and in both irrigation and conservation 
tillage conditions; thus, in some production 
scenarios, sorghum may be superior to maize 
for cellulosic biomass (Rocateli et al., 2012). 
The importance of sorghum as an energy crop 
is given by some advantages such as the 
drought tolerance, the great potential to 
produce biomass even under less favourable 
growing conditions, and the easiness to be 
cultivated. Therefore, in more arid areas, it 
could replace maize as a biofuel feedstock 
(Mekdad and Rady, 2016). 
Sorghum as an energy crop is important 
especially in a system specialised for biomass 
production used as source of energy, which 
cannot rely only on maize because of the 
specific problems that could appear in a long 
term monoculture (Bășa et al., 2014).  
Energy crops used for biogas production have 
to be easy to be cultivated and they have to be 
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not too much demanding for inputs (Dicu et al., 
2016). For sorghum energy crops aimed to 
produce biomass, already there are created 
specialized hybrids for this purpose, but there is 
necessary also a specific crop technology. 
Among the important elements of the crop 
technology there are counted the plant density. 
The optimum average seeding rate for sorghum 
grown for biomass is 247,000 seeds.ha-1, but 
this value can be as high as 296,000 seeds.ha-1 
and as low as 185,000 seeds.ha-1 depending on 
input and management scenarios (Kludze et al., 
2011). In two field experiments carried out at 
three experimental stations in Germany in years 
2008 and 2009, in most cases dry matter yield 
was not significantly affected by plant density 
as well as by row spacing (Mahmood, 2011). 
Considering the importance of the plant 
density, the aim of this paper is to present the 
biomass yields of two sorghum hybrids at 
different plant densities. 
 
MATERIALS AND METHODS 
 
Our research was performed in a field 
experiment located in South Romania (44o29’ 
N latitude and 26o15’ E longitude) and under 
the climatic conditions of 2016, with two 
sorghum hybrids (BMR Gold X and EUG 542 
F) sown under three plant densities: 22 
plants.m-2, 28 plants.m-2, and 34 plants.m-2.  
The soil from the area where the field 
experiment was located is reddish preluvosoil, 
which is characterised by a humus content 
between 2.2 and 2.8%, clay loam texture, and 
pH between 6.2 and 6.6.  
The climatic conditions in 2016 for the period 
April-August were characterised by the average 
temperature of 20.1oC and by the sum of 
rainfall of 284 mm. For the same period (April-
August), the multiannual average temperature 
is 18.5oC and the multiannual average rainfall 
is of 313.2 mm. Thus, the year 2016 was 
warmer and drier than normal years for the 
studying area. 
The preceding crop was maize. The ploughing 
was performed on 30th of October 2015. In the 
spring of 2016, the soil tillage consisted of a 
harrow work performed on 18th of March, 
which was followed by a combinator work 
performed on 28th of March. The sowing was 

performed on 20th of May 2016. The 
fertilization was performed after sowing with 
80 kg of nitrogen per hectare applied as 
ammonium nitrate. Immediately after sowing 
and nitrogen fertilization, there was performed 
the weed control by the help of herbicide 
Glyphogan 480 SL based on active substance 
glyphosate 360 g.l-1 as isopropylamine salt, 
which was applied in a rate of 4 l.ha-1. 
The biomass determinations were performed in 
the early dough-dough plant growth stage, 
respectively in the moment when the sorghum 
biomass can be used as substrate for biogas 
production. The sorghum plants from one 
square meter in each experimental variant were 
cut at soil level and they were weighed 
immediately. The samples were taken in four 
replications. One sorghum plant for each 
variant and replication was taken into the 
laboratory for the determination of the dry 
biomass by oven drying at 80oC for 24 hours. 
For each experimental variant, there was 
calculated the average fresh and dry biomass 
yield which was expressed in tons.ha-1. For 
each hybrid, the obtained data at different plant 
densities were statistically processed by 
analysis of variance (ANOVA), the control 
being taken the variants with 22 plants.m-2. 
 
RESULTS AND DISCUSSIONS 
 
Increasing the plant density from 22 to 28 and 
respectively to 34 plants.m-2 leaded to an 
increase in the biomass yields at both sorghum 
hybrids (Figures 1 and 2). The increases were 
more consistent for fresh biomass yields then 
for dry biomass yields. However, increasing the 
plant density determined differences 
statistically significant only at the hybrid BMR 
Gold X, while at the hybrid EUG 542 F the 
differences were not statistically significant. 
Even the hybrid BMR Gold X obtained 
important increasing in biomass yields 
determined by the increasing of plant density, 
the differences registered for the fresh biomass 
yields were statistically significant at both plant 
density, respectively at 28 and 34 plants.m-2, 
while the differences registered for the dry 
biomass yields were statistically significant 
only for the plant density of 34 plants.m-2. 
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Figure 1. Fresh and dry biomass yields at different plant densities and at sorghum hybrid BMR Gold X 
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Figure 2. Fresh and dry biomass yields at different plant densities and at sorghum hybrid EUG 542 F 

 

 
The fresh and dry biomass yields registered 
higher values at sorghum hybrid BMR Gold X 
(Figures 3 and 4).  
Thus, average fresh biomass yield was of 45.63 
tons.ha-1 at hybrid BMR Gold X, while at 
hybrid EUG 542 F it was of 33.19 tons.ha-1.  
The average dry biomass yield was of 16.03 
tons.ha-1 at hybrid BMR Gold X, while at 
hybrid EUG 542 F it was of 11.56 tons.ha-1. 
 

45.63

16.03

33.19

11.56

0

5

10

15

20

25

30

35

40

45

50

Fresh biomass yield Dry biomass yield

to
ns

/ h
a

BMR Gold X EUG 542 F  
Figure 3. Fresh and dry biomass yields as average values 

at studied hybrids (BMR Gold X and EUG 542 F) 



205
 

not too much demanding for inputs (Dicu et al., 
2016). For sorghum energy crops aimed to 
produce biomass, already there are created 
specialized hybrids for this purpose, but there is 
necessary also a specific crop technology. 
Among the important elements of the crop 
technology there are counted the plant density. 
The optimum average seeding rate for sorghum 
grown for biomass is 247,000 seeds.ha-1, but 
this value can be as high as 296,000 seeds.ha-1 
and as low as 185,000 seeds.ha-1 depending on 
input and management scenarios (Kludze et al., 
2011). In two field experiments carried out at 
three experimental stations in Germany in years 
2008 and 2009, in most cases dry matter yield 
was not significantly affected by plant density 
as well as by row spacing (Mahmood, 2011). 
Considering the importance of the plant 
density, the aim of this paper is to present the 
biomass yields of two sorghum hybrids at 
different plant densities. 
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Our research was performed in a field 
experiment located in South Romania (44o29’ 
N latitude and 26o15’ E longitude) and under 
the climatic conditions of 2016, with two 
sorghum hybrids (BMR Gold X and EUG 542 
F) sown under three plant densities: 22 
plants.m-2, 28 plants.m-2, and 34 plants.m-2.  
The soil from the area where the field 
experiment was located is reddish preluvosoil, 
which is characterised by a humus content 
between 2.2 and 2.8%, clay loam texture, and 
pH between 6.2 and 6.6.  
The climatic conditions in 2016 for the period 
April-August were characterised by the average 
temperature of 20.1oC and by the sum of 
rainfall of 284 mm. For the same period (April-
August), the multiannual average temperature 
is 18.5oC and the multiannual average rainfall 
is of 313.2 mm. Thus, the year 2016 was 
warmer and drier than normal years for the 
studying area. 
The preceding crop was maize. The ploughing 
was performed on 30th of October 2015. In the 
spring of 2016, the soil tillage consisted of a 
harrow work performed on 18th of March, 
which was followed by a combinator work 
performed on 28th of March. The sowing was 

performed on 20th of May 2016. The 
fertilization was performed after sowing with 
80 kg of nitrogen per hectare applied as 
ammonium nitrate. Immediately after sowing 
and nitrogen fertilization, there was performed 
the weed control by the help of herbicide 
Glyphogan 480 SL based on active substance 
glyphosate 360 g.l-1 as isopropylamine salt, 
which was applied in a rate of 4 l.ha-1. 
The biomass determinations were performed in 
the early dough-dough plant growth stage, 
respectively in the moment when the sorghum 
biomass can be used as substrate for biogas 
production. The sorghum plants from one 
square meter in each experimental variant were 
cut at soil level and they were weighed 
immediately. The samples were taken in four 
replications. One sorghum plant for each 
variant and replication was taken into the 
laboratory for the determination of the dry 
biomass by oven drying at 80oC for 24 hours. 
For each experimental variant, there was 
calculated the average fresh and dry biomass 
yield which was expressed in tons.ha-1. For 
each hybrid, the obtained data at different plant 
densities were statistically processed by 
analysis of variance (ANOVA), the control 
being taken the variants with 22 plants.m-2. 
 
RESULTS AND DISCUSSIONS 
 
Increasing the plant density from 22 to 28 and 
respectively to 34 plants.m-2 leaded to an 
increase in the biomass yields at both sorghum 
hybrids (Figures 1 and 2). The increases were 
more consistent for fresh biomass yields then 
for dry biomass yields. However, increasing the 
plant density determined differences 
statistically significant only at the hybrid BMR 
Gold X, while at the hybrid EUG 542 F the 
differences were not statistically significant. 
Even the hybrid BMR Gold X obtained 
important increasing in biomass yields 
determined by the increasing of plant density, 
the differences registered for the fresh biomass 
yields were statistically significant at both plant 
density, respectively at 28 and 34 plants.m-2, 
while the differences registered for the dry 
biomass yields were statistically significant 
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Figure 1. Fresh and dry biomass yields at different plant densities and at sorghum hybrid BMR Gold X 
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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 


