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Abstract
There are several annual crops suitable to supply important biomass yields to be used as raw material for producing
different kinds of energy, including the possibility to be used as substrate for biogas production. Sunflower is counted
among these crops of great importance. Producing biomass in an efficient way become possible by using the most
appropriate cultivation techniques and sunflower hybrids according to specific growing conditions.
The aim of this study was to identify how the row spacing and plant population, associated with different soil and
climatic conditions and cultivated sunflower hybrids are influencing the above-ground biomass yield at sunflower.
Researches were performed in field experiments in 2013, in two locations from South Romania, respectively Fundulea
(44o28’ N latitude and 26o27’ E longitude) from Călăraúi County, and Moara Domnească (44o29’ N latitude and 26o15’
E longitude) from Ilfov County. The studied sunflower hybrids were the followings: Pro 111, LG56.62, P64LE19, Pro
953. Each hybrid in the two locations was studied under three row spacing (75 cm, 50 cm, and twin-rows of 75/45 cm)
and three plant populations (50,000, 60,000, and 70,000 plants ha-1). Determinations were performed in the early
dough - dough plant growth stage taking into account that the biomass yield in this growth stage of the sunflower plants
is of importance as raw material for biogas production.
Key words: sunflower, biomass yield, row spacing, plant population, growing conditions.

mechanization and low labour needs
(Kazemeini et al., 2009).
Romania has favourable conditions for growing
sunflower (Helianthus annuus L.), this being
the most important oil crop (Ion et al., 2013).
The above-ground dry biomass yield which a
sunflower crop could supply is usually of 10-15
tons ha-1, but it can reach 20 tons ha-1 (Stefan et
al., 2008).
Cultivated sunflower could be used as a source
of lignocelluloses biomass. Research is needed
to determine the best agricultural practices,
which are targeted at maximizing yield in the
field (biomass/hectare) (Ziebell et al., 2013).
The most important yield limiting factors are
heavy weed infestation and improper
production technology particularly row spacing
producing proper nutritional area to exploit
available resources judiciously (Nawaz et al.,
2001). Apart the row spacing, of great
importance is also the plant population, as well
as the cultivated hybrid.

INTRODUCTION
Growing biomass is among the cheapest
options for CO2 emissions reduction,
particularly if that biomass is used for energy
production (Roman et al., 1998). Biomass is a
unique fuel and has the potential to play a
significant role in the future energy; unlike
other renewables, biomass can provide
continuous electricity generation, and is the
only widespread source of renewable heat
(Komlajeva et al., 2012). There are several
annual crops suitable to supply important
biomass yields to be used as raw material for
producing different kinds of energy, including
the possibility to be used as substrate for biogas
production. Sunflower is counted among these
crops of great importance.
Sunflower (Helianthus annuus L.) is one of the
most important oil crops in the world, because
it offers advantages in crop rotation systems,
such as high adoption capability, suitability to
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and twin-rows of 75/45 cm) and three plant
populations (50,000, 60,000, and 70,000
plants ha-1).
The field experiments were performed in four
replications, with a number of variants of 36.
Each variant consisted in four lines with a
length of 10 m.
The sowing was performed on 17th of April at
Fundulea and on 25th of April at Moara
Domnească. The preceding crop was maize.
The fertilization was performed with 106
kg ha-1 of nitrogen and 40 kg ha-1 of
phosphorus. The weed control was performed
by the help of herbicides and through one
manual hoeing.
In each location and from each variant the
sunflower plants from one square meter were
cut at soil level and were weighed immediately
for determining the fresh biomass yield
(above-ground biomass). One sunflower plant
for each variant was taken into the laboratory
for determining the dry biomass by oven drying
at 80oC for 24 hours.
Determinations were performed in the early
dough - dough plant growth stage, respectively
on 2nd of August at Fundulea (chernozem soil),
and on 1st of August at Moara Domnească
(reddish preluvosoil). Determinations were
performed in the early dough - dough plant
growth stage taking into account that the
biomass yield in this growth stage of the
sunflower plants is of importance as raw
material for biogas production. Analysis of
variance (ANOVA) was performed for the
obtained data.

Widely spaced sowing dates provide
differences in soil water, temperature and
radiation regimes, and these factors are further
compounded by differences in vapour pressure
deficits in the different seasons of planting
(Agele, 2003).
Diepenbrock et al. (2001) found in 1996 and
1998 that the aboveground biomass increased
significantly with increasing row spacing, but
in 1997, however, the differences between the
row spacings were small. These data prove the
importance of performing this kind of studies
and the necessity to be continued these studies
concerning the relation between row spacing
and aboveground biomass.
Plant population based on row and plant
spacing is a major part of agronomic practices
(Beg et al., 2007).
Producing biomass in an efficient way become
possible by using the most appropriate
cultivation techniques and sunflower hybrids
according to specific growing conditions.
The aim of this study was to identify how the
row spacing and plant population, associated
with different soil and climatic conditions and
cultivated sunflower hybrids are influencing the
above-ground biomass yield at sunflower.
MATERIALS AND METHODS
Researches were performed in field
experiments in 2013, in two locations from
South Romania, respectively Fundulea (44o28’
N latitude and 26o27’ E longitude) from
Călăraúi County, and Moara Domnească
(44o29’ N latitude and 26o15’ E longitude)
from Ilfov County.
In the period September 2012 – August 2013,
from a climatic point of view Fundulea area
was characterised by the average temperature
of 12.0oC and the sum of rainfall of 700.6 mm,
while Moara Domnească was characterised by
the average temperature of 12.6oC and the sum
of rainfall of 288.0 mm.
The specific soil from Fundulea area is
chernozem (cambic chernozem soil), while the
specific soil from Moara Domnească area is
reddish preluvosoil.
The studied sunflower hybrids were the
followings: Pro 111, LG56.62, P64LE19, and
Pro 953. Each hybrid in the two locations was
studied under three row spacing (75 cm, 50 cm,

RESULTS AND DISCUSSIONS
Biomass yield at sunflower at different row
spacing (Figure 1)
On chernozem soil, the narrow rows decreased
the fresh and dry biomass yields compared to
row spacing of 75 cm, the differences being
negative distinct significant.
The highest biomass yield was obtained at row
spacing of 75 cm, respectively 91.60 tons ha-1
of fresh biomass and 18.07 tons ha-1 of dry
biomass. The smallest biomass yield was
obtained at row spacing of 50 cm, respectively
74.91 tons ha-1 of fresh biomass and 15.25 tons
ha-1 of dry biomass.
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The increasing of plant population decreased
the moisture content of sunflower plants, but
without significant differences. It has to be
underlined the fact that the driest biomass yield
was obtained at 60,000 plants ha-1.

Narrow rows decreased the moisture content
compared to the row spacing of 75 cm, but
without significant differences. The plants were
the driest at row spacing of 50 cm (79.6%).
On reddish preluvosoil, the narrow rows
increased the fresh and dry biomass yields
compared to row spacing of 75 cm, the
differences being statistically significant.
The highest biomass yields were obtained at
twin-rows of 75/45 cm, respectively 80.19
tons ha-1 of fresh biomass and 15.61 tons ha-1
of dry biomass. The smallest biomass yields
were obtained at row spacing of 75 cm,
respectively 63.48 tons ha-1 of fresh biomass
and 13.00 tons ha-1 of dry biomass.
Narrow rows also determined the increasing of
the moisture content compared to the row
spacing of 75 cm. The plants were the driest at
row spacing of 75 cm (79.5%), but without
significant differences. The moisture content
was the highest at twin-rows of 75/45 cm
(80.5%).
Under favourable growing conditions, the row
spacing of 75 cm seems to be more suitable for
sunflower plants. Under less favourable
growing conditions, the twin-rows of 75/45 cm
seems to be more suitable for sunflower plants.
In fact, the narrow rows provided better
growing conditions for sunflower plants than
row spacing of 75 cm.

Biomass yield at different sunflower hybrids
(Figure 3)
The biomass yield, both fresh and dry biomass,
was different according to hybrid and growing
conditions.
On chernozem soil, the highest fresh and dry
biomass yield was obtained by Pro 111 hybrid
(90.25 tons ha-1 of fresh biomass and 17.46
tons ha-1 of dry biomass), which had also the
highest moisture content (80.7%). The smallest
fresh and dry biomass yield was obtained by
LG 56.62 hybrid (74.97 tons ha-1 of fresh
biomass and 16.04 tons ha-1 of dry biomass),
which had also the smallest moisture content
(78.6%).
On reddish preluvosoil, the highest fresh
biomass yield was obtained by Pro 111 hybrid
(77.51 tons ha-1), but the highest dry biomass
yield was obtained by P64LE19 hybrid (15.25
tons ha-1).
As in the case of chernozem soil, the smallest
fresh and dry biomass yield was obtained by
LG 56.62 hybrid (63.54 tons ha-1 of fresh
biomass and 13.84 tons ha-1 of dry biomass),
which had also the smallest moisture content
(78.2%).
The highest moisture content of the biomass
yield was obtained at Pro 953 hybrid (81.5%),
with a difference statistically significant
compared to the average moisture content of
the four studied sunflower hybrids.

Biomass yield at sunflower at different plant
population (Figure 2)
On chernozem soil, the highest biomass yields
were obtained at 70,000 plants ha-1, which was
followed by the biomass yields obtained at
50,000 plants ha-1, and the smallest biomass
yields were obtained at 60,000 plants ha-1.
Compared to biomass yield obtained at 50,000
plants ha-1, only the dry biomass yield obtained
at 70,000 plants ha-1 registered a difference
statistically significant.
The increasing of plant population decreased
the moisture content of the sunflower plants,
the differences being negative distinct
significant.
On reddish preluvosoil, the increasing of
plant population increased the dry biomass
yield, but without significant differences. The
highest dry biomass yield, as well as the
highest fresh biomass yield was obtained at
70,000 plants ha-1.

Average biomass yield at different growing
conditions (Figure 4)
In our study, chernozem soil was associated
with favourable growing conditions for
sunflower plants, while reddish preluvosoil was
associated with less favourable growing
conditions for sunflower plants with much less
rainfall.
The fresh biomass yield obtained on chernozem
soil was of 81.36 tons ha-1, while that on
reddish preluvosoil was of 72.52 tons ha-1
representing 89.1% of the fresh biomass
obtained on chernozem soil.
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Figure 1. Biomass yield at sunflower at different row spacing and on different growing conditions from South Romania,
in the early dough-dough plant growth stage of sunflower plants
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Figure 2. Biomass yield at sunflower at different plant population and on different growing conditions from South
Romania, in the early dough-dough plant growth stage of sunflower plants
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Figure 3. Biomass yield at different sunflower hybrids and on different growing conditions from South Romania,
in the early dough-dough plant growth stage of sunflower plants
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The dry biomass yield obtained on chernozem
soil was of 16.26 tons ha-1, while that on
reddish preluvosoil was of 14.45 tons ha-1
representing 88.9% of the fresh biomass
obtained on chernozem soil.
Under less favourable growing conditions on
reddish preluvosoil, with much less rainfall
than on chernozem soil in 2013 in South
Romania, the fresh and dry biomass yield was
of about 89% of those on chernozem soil. The
moisture content of the biomass yield was very
slightly different on the two growing
conditions, being of about 80%.

The increasing of plant population decreased
the moisture content of sunflower plants.
The less favourable growing conditions in 2013
in South Romania, respectively less rainfall, led
to fresh and dry biomass yields of about 89% of
those on favourable growing conditions, with
much more rainfall.
The moisture content of the biomass yield was
about 80% in the early dough - dough plant
growth stage.
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CONCLUSIONS
The fresh and dry biomass was different
according to sunflower hybrid and growing
condition.
Compared to row spacing of 75 cm in our
study, narrow rows decreased the fresh and dry
biomass yield under favourable growing
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