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Abstract 
 
Sunflower is one of the most important crops in Romania, being cultivated on about one million hectares in the last 
years. Apart producing the seeds for oil production, sunflower is also one of the most important melliferous plants, 
providing important quantities of honey. But, in addition to the above mentioned consecrated uses, sunflower crop 
could be an important source of biomass, which can be used as raw material for biogas production. From this 
perspective, the aim of this study was to evaluate the influence of the row spacing and the nitrogen fertilisation 
conditions on the biomass yield at the sunflower crop. For accomplishing this aim, a field experiment was performed in 
2016 in the specific growing conditions from South Romania (44o29’ N latitude and 26o15’ E longitude), respectively at 
Moara Domnească Experimental Farm belonging to the University of Agronomic Sciences and Veterinary Medicine of 
Bucharest. Four sunflower hybrids (Performer, Pro 144, P64LE19, and LG56.62) were studied at two row spacing (50 
cm and 70 cm) and four nitrogen fertilisation conditions (0 kg.ha-1, 50 kg.ha-1, 100 kg.ha-1, and 50 + 50 kg.ha-1). The 
biomass determinations were performed in the early dough - dough plant growth stage. The obtained results showed 
that in the more favorable growing conditions represented by a better nitrogen supply through a nitrogen rate of 100 
kg.ha-1 whether that was administrated in one application or in two applications of 50 kg.ha-1, the dry biomass yields 
were higher at wide row spacing (70 cm between rows) then at narrow row spacing (50 cm). In the contrary, in less 
favorable growing conditions represented by no nitrogen application and nitrogen rate of 50 kg.ha-1, the dry biomass 
yields were higher at narrow row spacing (50 cm between rows) then at wide row spacing (70 cm between rows). 
 
Key words: sunflower, dry biomass yield, row spacing, nitrogen fertilisation.  
 
INTRODUCTION 
 
Sunflower is one of the most important crops in 
Romania, being cultivated on about one million 
hectares in the last years and ranking the third 
place as cultivated surface. Apart producing the 
seeds for oil production, sunflower is also one 
of the most important melliferous plants, 
providing important quantities of honey and 
being considered the most important 
melliferous crop. But, in addition to the above 
mentioned consecrated uses, sunflower crop 
could be an important source of biomass, which 
can be used as raw material for biogas 
production. From this perspective, the aim of 
this study was to evaluate the influence of the 
row spacing and the nitrogen fertilisation 
conditions on the biomass yield at the 
sunflower crop.  

Growing biomass is among the cheapest 
options for CO2 emissions reduction, 
particularly if that biomass is used for energy 
production (Roman et al., 1998).  
Energy crops for biogas production need to be 
grown in sustainable crop rotations (Amon et 
al., 2007; Hahn and Ganssmann, 2008). 
Sunflower (Helianthus annuus L.) can be part 
of the energy crop rotations, respectively it can 
be included into the structure of the energy 
crops that could be used for biomass production 
(Dicu et al., 2016).  
Sunflower could be characterised as being a 
crop tolerating the drought and succeeding 
under limited input conditions (Ion et al., 
2015). In fact, sunflower is a temperate zone 
crop, which can perform well under a variety of 
climatic and soil conditions (Canavar et al., 
2010). Moreover, sunflower fits well into 
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various cropping systems (Pattanayak et al., 
2016). 
One of the important conditions to produce 
biomass in an efficient way is to use the most 
appropriate cultivation techniques (Balodis et 
al., 2011; Beg et al., 2007). In fact, studying the 
effect of different technological conditions, 
such as row spacing and nitrogen fertilisation, 
on the potential biomass yield that could be 
obtained at sunflower crop is of interest and 
importance for farmers growing sunflower for 
biomass production. But, research is needed to 
determine the best agricultural practices, which 
are targeted at maximizing yield in the field 
(biomass/hectare) (Ziebell et al., 2013). 
 
MATERIALS AND METHODS 
 
Researches were performed in the year 2016, 
under rainfed conditions, in a field experiment 
located in South Romania, respectively within 
Moara Domnească Experimental Farm (44o29’ 
N latitude and 26o15’ E longitude), belonging 
to the University of Agronomic Sciences and 
Veterinary Medicine of Bucharest. 
The year 2016 can be characterised from a 
climatic point of view as being warmer and 
drier than normal years defined by the average 
multiannual values of the climatic elements. 
Thus, in the period April-August, the average 
temperature was of 20.1oC, while the 
multiannual value is of 18.5oC, and the sum of 
rainfall was of 284 mm, while the multiannual 
value is of 313.2 mm. 
The soil from the experimental area is a reddish 
preluvosoil, with is characterised by a humus 
content of 2.2 - 2.8%, clay loam texture, and 
pH values of 6.2 - 6.6.   
The field experiment consisted in sowing four 
sunflower hybrids (Performer, Pro 144, 
P64LE19, and LG56.62) at two row spacing 
(50 cm and 70 cm) and four nitrogen 
fertilisation conditions (0 kg.ha-1, 50 kg.ha-1, 
100 kg.ha-1, and 50 + 50 kg.ha-1. 
Nitrogen fertilisation was performed with 
ammonium nitrite (33.5% nitrogen content), 
which was applied immediately after sowing, 
on 1st of April 2016, except for the 
experimental variant N50+50 that consisted in 
applying half of nitrogen rate (50 kg.ha-1) just 
after sowing and the other half in the growth 

stage of six leaves (BBCH code 16), on 27th of 
May 2016.  
The field experiment was organised in split 
plots with 32 experimental variants (4 hybrids x 
2 row spacing x 4 nitrogen fertilisations). Each 
experimental variant consisted in six lines with 
a length of 8 m. 
The crop technology consisted in the 
followings:  
- the preceding crop was maize; 
- ploughing was performed on 30th of October 

2015; 
- one harrow work was performed on 18th of 

March 2016, this being followed by one 
combinator work performed on 28th of 
March 2016; 

- sowing was performed by the help of a 
manual planter on 1st of April 2016; 

- plant density was of 60,000 plants.ha-1; 
- the weed control was performed by two 

manual hoeing. 
For each experimental variant, the sunflower 
plants from one square meter were cut at soil 
level and they were weighed immediately in the 
field in view to be determined the fresh 
biomass yield expressed as above-ground 
biomass. One average sunflower plant for each 
experimental variant was taken into the 
laboratory where it was cut in small pieces and 
then dried in the oven at 80oC for 24 hours in 
view to be determined the dry biomass yield.  
The biomass determinations were performed in 
the early dough - dough plant growth stage 
taking into account that in the growth stage the 
sunflower biomass is of importance as raw 
material for biogas production. The obtained 
data were statistically processed using the 
analysis of variance (ANOVA).  
 
RESULTS AND DISCUSSIONS 
 
Application of nitrogen and increasing the 
nitrogen rate from 50 to 100 kg.ha-1 increased 
the dry biomass yield of sunflower, with 
differences statistically significant for the 
nitrogen rate of 50 kg.ha-1 and distinct 
significant for the nitrogen rate of 100 kg.ha-1 
(Table 1). 
Compared to the dry biomass yield obtained at 
the nitrogen rate of 100 kg.ha-1, respectively 
11.05 tons.ha-1, the dry biomass yield obtained 

 

in the conditions of splitting the nitrogen rate of 
100 kg.ha-1 in two applications of 50 kg.ha-1 
was smaller, respectively 10.59 tons.ha-1, but 
still with a difference statistically distinct 
significant compared to control variant, 
respectively the variant with no nitrogen 
application (Table 1). This situation was 
registered for the row spacing of 70 cm as well 
as for the row spacing of 50 cm (Table 2). The 
highest dry biomass yields were registered at 
row spacing of 70 cm and the nitrogen rate of 
100 kg.ha-1 whether the nitrogen was 
administrated in one application or in two 
applications of 50 kg.ha-1, the differences being 
very significant compared to control variant. 
 
Table 1. The dry biomass yields obtained at sunflower in 

different nitrogen fertilization conditions 

Nitrogen 
rate 

(kg.ha-1) 

Dry biomass  
Yield 

(tons.ha-1) 
Difference 

Kg.ha-1 % Significance 
0 8.63 0 100 control 

50 10.00 1.37 115.87 * 
100 11.05 2.42 128.04 ** 

50 + 50 10.59 1.96 122.71 ** 
    5% LSD            1.13 tons.ha-1 
    1% LSD                 1.65 tons.ha-1 
    0.1 % LSD                 2.47 tons.ha-1 

 
Table 2. The dry biomass yields obtained at sunflower in 

different row spacing and nitrogen fertilization 
conditions 

Row 
spacing 

(cm) 

Nitrogen 
rate 

(kg.ha-1) 

Dry biomass 
yield 

(kg.ha-1) 

Difference 

kg.ha-1 % Significance 

70 

0 8.05 0 100 control 
50 9.70 1.65 120.50 * 
100 11.69 3.64 145.22 *** 

50 + 50 11.02 2.97 136.89 *** 

50 

0 9.21 1.16 114.41  
50 10.30 2.25 127.95 ** 
100 10.41 2.36 129.32 ** 

50 + 50 10.16 2.11 126.21 ** 
    5% LSD          1.39 kg.ha-1 
    1% LSD          1.92 kg.ha-1 
    0.1 % LSD                  2.64 kg.ha-1 
 
The dry biomass yields were higher at the row 
spacing of 50 cm for control variant (the 
variant with no nitrogen application) and the 
variant with the nitrogen rate of 50 kg.ha-1, 
while for the row spacing of 70 cm the dry 
biomass yields were higher for the variants 
with the nitrogen rate of 100 kg.ha-1, whether 
that was administrated in one application or in 
two applications of 50 kg.ha-1 (Figure 1). These 
findings are according to those already reported 

by Ion et al. (2015) for the studied area, 
respectively for favourable growing conditions 
the dry biomass yield tends to be higher at wide 
row spacing (75 cm between rows), while for 
less favourable growing conditions the dry 
biomass yield tends to be higher at narrow rows 
(row spacing of 50 cm). In our case, favourable 
growing conditions means a better nitrogen 
supply by a nitrogen rate of 100 kg.ha-1 
whether that was administrated in one 
application or in two applications of 50 kg.ha-1, 
and less favourable growing conditions means 
no nitrogen application and a nitrogen rate of 
50 kg.ha-1. However, the average dry biomass 
yields obtained in the conditions of the two row 
spacing were quite close. 
The sunflower biomass moisture content varied 
between 71 and 76%, according to the row 
spacing and nitrogen fertilization conditions 
(Figure 2). 
 

 
Figure 1. The dry biomass yields obtained at sunflower 

in different row spacing and nitrogen fertilization 
conditions 

 

 
Figure 2. The sunflower biomass moisture content in 

different row spacing and nitrogen fertilization 
conditions 
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various cropping systems (Pattanayak et al., 
2016). 
One of the important conditions to produce 
biomass in an efficient way is to use the most 
appropriate cultivation techniques (Balodis et 
al., 2011; Beg et al., 2007). In fact, studying the 
effect of different technological conditions, 
such as row spacing and nitrogen fertilisation, 
on the potential biomass yield that could be 
obtained at sunflower crop is of interest and 
importance for farmers growing sunflower for 
biomass production. But, research is needed to 
determine the best agricultural practices, which 
are targeted at maximizing yield in the field 
(biomass/hectare) (Ziebell et al., 2013). 
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rainfall was of 284 mm, while the multiannual 
value is of 313.2 mm. 
The soil from the experimental area is a reddish 
preluvosoil, with is characterised by a humus 
content of 2.2 - 2.8%, clay loam texture, and 
pH values of 6.2 - 6.6.   
The field experiment consisted in sowing four 
sunflower hybrids (Performer, Pro 144, 
P64LE19, and LG56.62) at two row spacing 
(50 cm and 70 cm) and four nitrogen 
fertilisation conditions (0 kg.ha-1, 50 kg.ha-1, 
100 kg.ha-1, and 50 + 50 kg.ha-1. 
Nitrogen fertilisation was performed with 
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which was applied immediately after sowing, 
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experimental variant N50+50 that consisted in 
applying half of nitrogen rate (50 kg.ha-1) just 
after sowing and the other half in the growth 
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- ploughing was performed on 30th of October 

2015; 
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- sowing was performed by the help of a 
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- plant density was of 60,000 plants.ha-1; 
- the weed control was performed by two 
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For each experimental variant, the sunflower 
plants from one square meter were cut at soil 
level and they were weighed immediately in the 
field in view to be determined the fresh 
biomass yield expressed as above-ground 
biomass. One average sunflower plant for each 
experimental variant was taken into the 
laboratory where it was cut in small pieces and 
then dried in the oven at 80oC for 24 hours in 
view to be determined the dry biomass yield.  
The biomass determinations were performed in 
the early dough - dough plant growth stage 
taking into account that in the growth stage the 
sunflower biomass is of importance as raw 
material for biogas production. The obtained 
data were statistically processed using the 
analysis of variance (ANOVA).  
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It has to be pointed out that the dry biomass 
yields obtained at sunflower in the climatic 
conditions of 2016 are smaller for the studied 
area, this year being characterised by higher 
temperatures and less rainfall compared to 
multiannual average values. 
 
CONCLUSIONS 
 
For the specific growing conditions, 
respectively on a reddish preluvosoil and in the 
climatic conditions of the year 2016 in South 
Romania, nitrogen fertilisation and increasing 
the nitrogen rate from 50 to 100 kg.ha-1 
increased the dry biomass yield of sunflower, 
with differences statistically significant for the 
nitrogen rate of 50 kg.ha-1 and distinct 
significant for the nitrogen rate of 100 kg.ha-1.  
The obtained results showed that in the more 
favorable growing conditions represented by a 
better nitrogen supply through a nitrogen rate 
of 100 kg.ha-1 whether that was administrated 
in one application or in two applications of 50 
kg.ha-1, the dry biomass yields were higher at 
wide row spacing (70 cm between rows) then at 
narrow row spacing (50 cm). In the contrary, in 
less favorable growing conditions represented 
by no nitrogen application and nitrogen rate of 
50 kg.ha-1, the dry biomass yields were higher 
at narrow row spacing (50 cm between rows) 
then at wide row spacing (70 cm between 
rows). 
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Abstract 
 
The atmospheric precipitation and the soil nutrient regime during 2011-2017 have significantly influenced the winter 
wheat productivity. The average precipitation rate was 263 mm in the vegetative rest period and 186 mm in the active 
one. The average harvest and the quality of the winter wheat on the non-fertilized variant constituted 2.13 t/ha, the 
content of wet gluten - 21.5% with the second quality group. The single fertilization with 120 kg N/ha on the moderate 
and optimal background of mobile phosphorus on the variant N120P2.5-3.5K60 consisted 2.94-3.02 t/ha with wet gluten 
28.8-29.8% - second quality group. The harvest increase was 38.0-41.6%, the gluten content increased by 7.3-8.3% 
versus the control variant. Nitrogen application in a maximum dose of 180 kg N/ha on the P3.5K60 background results in 
the highest harvest level of 3.07 t/ha or an increase of 44.1%, but fertilization with this dose contributes to the 
accumulation of nitrates in the lower layers of the soil. The optimal variant is considered the dose N120P2.5K60 according 
to harvest obtained in the last seven agricultural years on the calcareous chernozem of Moldova. 
 
Key words: fertilizers influence, harvest and quality, winter wheat, chernozem calcareous. 
 
INTRODUCTION 
 
The territory of the Republic of Moldova, 
through its geographical location, falls within 
the area with insufficient and unstable 
humidity. The instability of agrometeoro-
logical conditions largely determines the 
variability and level of crop yields. Due to the 
improvement of agro-techniques and the 
implementation of new wheat varieties, the 
harvest of crops in years appreciated by the 
amount of moist and very damp precipitation, 
allows to obtain more than 5 tons per hectare of 
grains. This process is due to the development 
of the vegetal mass through the excessive 
consumption of nitrogen from the soil, and 
which does not allow the formation of the 
nitrogen bonds compared to the dry years 
(Ремесло, 1977). 
To increase the productivity of winter wheat, 
chemical fertilizers play an important role. It is 
also proven in the works of D.I. Mendeleev, 
K.A. Timireazev, D.N. Prianishnicov, A.N. 
Lebedeantzeva, that the action of fertilizers can 
be investigated, only in the experimental field 
conditions. Field experience is the oldest and 
safest way to provide soil with nutrients to 

plant growth and development. However, it 
should be noted that fertilizers can contribute to 
doubling or tripling the production of straw 
cereals, such as wheat. 
Applying one kilogram of active substance of 
fertilizer generates an average production yield 
of 10-15 kilograms of wheat grain. The optimal 
periods for wheat fertilization are determined 
by the stages of culture development, 
respectively at the end of the twinning - ear 
phase with the appearance of the first node, 
when the floral primordial differentiation 
occurs, the formation of the second node, the 
occurrence of the stamen and the formation of 
the grain formation in ear. 
Plant fertilization in itself is one of the main 
conditions in their development and 
productivity. From the studies conducted in 
Moldova, the fertilizer requirements for winter 
wheat are 1: 3. According to the classical 
fertilization scheme, it is recommended to 
apply 0.05 tonnes per hectare of granulated 
superphosphate to the sowing of the culture, 
and 0.1 tonnes per hectare of ammonium nitrate 
for early spring feeding on the entire area sown 
with winter wheat. In this way of culture 
fertilization, we have the possibility to obtain 




