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ABSTRACT

A one-factor field experiment was carried out in 20162019 at the Experimental Station in Lipnik near Stargard.
The aim of the study was the cultivation of Virginia fanpetals in two systems of sowing and planting, determining
the impact of the cultivation system on the yield quantity, calorific value, moisture, content and dynamics of the
macronutrient uptake by Virginia fanpetals, calculation of the relationship between the yield and NPK intake, calo-
rific value and yield as well as the analytical moisture content. Studies have shown that the method of establishing
the plantation (sowing, planting) did not have any significant impact on the calorific value of Sida. A statistical
analysis indicated that the method of establishing the plantation (sowing, planting) did not have a significant im-
pact on the formation of the nitrogen, phosphorus and potassium contents in the biomass, while it was significant
for magnesium and sulfur. More macroelements was contained in the Virginia fanpetals biomass from sowing
compared to planting. The total uptake of macronutrients by the Virginia fanpetals biomass was higher in the plant-
ing cultivation system. In the system of planting cultivation, in the first year of plantation operation, higher dynam-
ics of the N, P, K, Mg and S uptake by the Virginia fanpetals biomass compared to the sowing system was found.
A correlation analysis showed very high degree of correlation between the size of Virginia fanpetals biomass yield

as well as the nitrogen and phosphorus uptake.
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INTRODUCTION

Biomass is one of the sources of renewable
energy in Poland and the European Union. It is
obtained from organic municipal waste, agricul-
tural and forestry waste as well as the wood in-
dustry. The energy-efficient plant species include
perennial grasses, perennials, shrubs and trees
with a short production cycle ranging from a few
to several years [Kowalczyk-Jusko 2009, Sapek
and Sapek 2012, Borkowska et al. 2016]. The
field crops of perennial plants that give biomass
from wood (Salix spp.), semi-wood (Sida herma-
phodrita Rusby) and straw (Miscanthus sacchar-
florus) can support the supply of the biomass for
the energy purposes.

The fuels produced from the biomass are
used in the production of heat or electricity. Its
combustion is the most widespread so far, but
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an alternative way of obtaining the energy based
on the biogas obtained from agricultural waste is
rapidly developing [Jagustyn et al. 2011, Motka
etal. 2011, Biernat 2012, Borkowska et al. 2016].
In the European Union, 92% of biomass is in-
tended for the production of heat and 7.0% for
electricity [Janowicz 2006]. Reduction of the
non-renewable energy resources, increase in the
costs of their obtaining and processing, as well
as the threat of energy changes contribute to the
acquisition of new energy sources.

The EU Climate Package [17.12.2008] as-
sumes that this year (2020) the member coun-
tries should achieve a 20% share of energy from
renewable sources and a 10% share from liquid
biofuels. At the same time, the energy demand
should be reduced by 20% and greenhouse gas
emissions by 20% [Wach 2007]. In the Europe-
an Union, Poland is perceived as a country with
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great possibilities of biomass production for the
energy purposes and biofuels. Estimates show
that in Poland, between 1.0 and 4.3 million ha of
arable land will be used for growing the crops for
energy purposes and biofuels [Wiesenthal 2006,
Van Valthuizen 2003, Kowalczyk-Jusko, 2017].

Virginia fanpetals, cultivated for energy pur-
poses, should be harvested during the winter or
after the first frosts. This is justified by the in-
crease in lignin and decrease in the moisture con-
tent, which is caused by delayed harvest [Igbal
and Lewandowski 2014, Kisiel and Lewandows-
ki 2017]. The disadvantage of growing Virginia
fanpetals in the first year is that the biomass yield
is too low to be economically viable [Anderson
2011, Zub and Brancourt-Hulmel 2010].

In addition to yield, calorific value, and mois-
ture content, the content of macronutrients, e.g.
C, N, P, K, Mg and S, is important. Their quantity
in the plants intended for biomass is influenced by
the genetically determined plant features that are
modified by the environmental conditions, i.e.:
soil properties (abundance, pH), atmospheric con-
ditions prevailing during plant vegetation (pre-
cipitation), as well as agrotechnical treatments
performed during vegetation [Kalembasa et al.
2006, Borkowska and Lipinski 2008, Borkowska
et al. 2009, Borkowska et al. 2016].

The aim of the study was the cultivation of
Virginia fanpetals in two systems of sowing and
planting, determining the impact of the cultiva-
tion system on the yield quantity, calorific value,
moisture, content and dynamics of the macronu-
trient uptake by Virginia fanpetals, calculation of
the relationship between yield and the NPK up-
take, calorific value and yield as well as the ana-
lytical moisture content.

MATERIAL AND METHODS

A one-factor field experiment was carried
out in 2016-2018 at the Experimental Sta-
tion in Lipnik near Stargard (53°20°17.8”N,
14°57°40.8”E). Before establishing the experi-
ment, the chemical soil analyses were carried
out, taken from three layers. The field on which
the experiment was established, is characterized
by brown, incomplete soil, developed of light
dusty loamy sand, medium deeply padded with
light clay. The soil belongs to the IVa bonita-
tion class, a complex of agricultural usefulness
— good rye.

In the soil samples, before the experiment
was set up, the pH, total content of C, N, P, K, Ca,
Mg, S and available forms of P, K and Mg were
determined. The soil used for the tests was char-
acterized by a neutral pH, ., 5.90-6.78, total car-
bon content in the layer 0-30cm was 9.30, nitro-
gen —0.92, phosphorus — 0.45, potassium — 0.62,
calcium — 0.78, magnesium — 0.90 and sulfur —
0.15 g'kg! DM. The soil abundance in the avail-
able P (134 mg-kg'DM), K (120 mg-kg'DM)
and Mg (39.8 mg-kg'DM) forms was average.
The concentration of micronutrients, including
some heavy metals, in the soil was within the
limits of the natural content [Regulation of the
Minister of the Environment Journal of Laws
2016, item1395].

The spring barley, harvested for grain, was
the forecrop for Virginia fanpetals. After harvest-
ing the forecrop, traditional method of mechani-
cal soil cultivation was used (stubble cultiva-
tion, post-harvest crop cultivation and pre-winter
plowing). In spring, before sowing and planting
Virginia fanpetals, mineral fertilization was ap-
plied in the amount of 100 kg N-ha'', 80 kg P-ha-
"and 100 kg K-ha'. The test plant was Virginia
fanpetals, grown from sowing and planting. The
seeds after conversion to 100% germination were
sown in an amount of 3 kg'ha™! with a row spacing
of 45 cm, a depth of approximately 1 cm apply-
ing a seed drill. Planting was carried out with a
density of 4.4 pcs. per 1 m? On all test objects,
before the rows compaction, mechanical weed-
ing was performed between rows. Weeding was
unnecessary in the subsequent years of research.
During the vegetation, the meteorological condi-
tions and development phases of the test plant
were observed. The area of one plot was 14 m?.
Each experimental object was carried out in four
replicates.

During the experiment (2016-2018), in order
to determine the yield, moisture content, calorific
value and chemical properties of the test plant,
once a year in winter, Virginia fanpetals (N, P,
K, Mg and S) were harvested from two systems:
planting and sowing.

ANALYTICAL METHODS

After harvesting, the following items were
determined in the Virginia fanpetals biomass:
moisture content by means of the drying and
weighing method, heat of combustion of dry
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biomass in the IKA C 2000 calorimeter (accord-
ing to PN-81/G-04513) based on the isoperibolic
method. The calorific value of the test plant was
then calculated. Dry biomass yield (Mg-ha') was
determined on the basis of fresh biomass yield
from individual plots and its moisture content
(PN 8/G-04511). The nitrogen and sulfur content
were determined on a Coestech CNS elemental
analyzer, phosphorus by means of Barton colo-
rimetric method, potassium and magnesium by
atomic absorption spectrometry on a Perkin El-
mer AAS 300 spectrometer. The stock solution
was obtained after wet mineralization of plant
material in a mixture of perchloric(VII) acid and
nitrogen(V) acid in a ratio of 3:1. The uptake of
individual components in subsequent years was
calculated as the product of the content of a giv-
en element in the biomass of Virginia fanpetals
and the yield. The test results were statistically
compiled according to the ANALWAR 5.3 pro-
gram. For significant differences, the Tukey test
was applied with a significance level of p=0.05.
Then, the Pearson linear correlation coefficient r
between the yield and N, P and K uptake, between
calorific value and yield as well as calorific value
and moisture content, were calculated. The sig-
nificance of the correlation coefficient was tested
using the Student’s t-test. The yield and content
of some macronutrients contained in the Virginia
fanpetals biomass were published in a monograph
by Bury et al. [2019].

RESULTAL AND DISCUSION

The assessment of the obtained Virginia fan-
petals biomass yield showed that it was signifi-
cantly dependent on the method of establishing
the crop and the period of use. In the first year,
the biomass yield was low, but significantly high-
er by 135.7% on the objects with Virginia fan-
petals planted from seedlings. In the years of the
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full use, the Virginia fanpetals biomass yields,
compared to the year in which the plantation was
established, were about nine times larger and sig-
nificantly larger on the objects cultivated from
seedlings. In 2017, this difference was 11.3%,
and in 2018 — 22.2%. There was a tendency to
increase the biomass yield in the third year of use
by 3.50% despite the fact that the sum of precipi-
tation that year (compared to 2017) was almost
50% lower at higher average air temperatures.
The area of energy crops in Europe is smaller
compared to other agricultural crops [Lewan-
dowski et al. 2016]. One of the most important
reasons is the high cost of establishing a planta-
tion and the lack of a biomass market [Bocqueho
et al. 2010, Witzel et al. 2016].

The Virginia fanpetals biomass was char-
acterized by a low content of analytical mois-
ture (W) — fig. 1. Regardless of the method of
establishing the plantation, the W, content in the
biomass of Virginia fanpetals was oscillating be-
tween 4.60% and 7.30%. It has been noted that
the factors having a significant influence on the
analytical moisture content are the plantation age
and atmospheric conditions prevailing during the
growing season. The moisture content (W) of the
combusted material has a significant effect on the
biomass energy properties. The lowest moisture
content was characteristic of the Virginia fan-
petals biomass in the second year of plantation
(2017), and in the remaining years (in 2016 and
2018), it remained at a similar level. No signifi-
cant influence of the plantation establishment
method on the value of analytical moisture con-
tent of Virginia fanpetals biomass was found. The
average moisture content of biomass from three
years of plantation operation was 6.20%.

The date of the Virginia fanpetals harvesting
should be adapted to the manner of its use, which
was confirmed by the authors’ own research.
Cosentino et al. [2018] and Lewandowski and
Schmidt [2006], indicate that Virginia fanpetals

sowing
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Fig. 1. Analytical moisture of Virginia fanpetals biomass. Source: Bury et al. [2019]
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is a perennial plant; therefore, it requires a small
amount of fertilizers and plant protection products
compared to annual plants [Artyszak 2016]. The
advantage of Virginia fanpetals is low biomass
humidity during harvest (16-28%) and that no
specialized equipment is required for harvesting.

The data contained in Table 1 indicate that:
calorific value of Virginia fanpetals was ranged
from 16.04 to 17.53 kJ-kg!. No impact of the
plantation establishment method on the calo-
rific value was found. However, there was a
significant increase in the calorific value of the
Virginia fanpetals biomass between years. The
highest calorific value was obtained in the third
year of plantation from sowing 17.53 kJ-kg'. It
was 9.29% higher than in the first year (2016).
The average calorific value of the Virginia fan-
petals biomass from three years was higher by
4.37% when establishing a plantation from sow-
ing compared to planting. In the conducted tests,
the calorific value of the test plant biomass from
sowing and planting was on average over three
years (16.68 kJ-kg'), which confirms the re-
search by Artyszka [2016], Gajewskiego [2016],

Table 1. Calorific value of the biomass yield of
Virginia fanpetals cultivated from sowing and
planting and harvested in winter in years 20162018
[Bury et al. 2019]

Kacprzaka et al. [2012] who reported the values
between 13.0 and 17.0 KJ-kg.

Carbon has the highest percentage in the dry
biomass of Virginia fanpetals. Its average share
in biomass is about 36%. An analysis of other
macronutrients indicates that only for nitrogen,
its average biomass share was greater than one
percent. The percentage share in the biomass of
other nutrients did not exceed 1% and they could
be lined up in the following order: K (0.13%),
Mg (0.70%), S (0.10%), P (0.05%) (Figure 2).
The method of the plantation establishing did not
affect the average percent share of the analyzed
elements in the Virginia fanpetals biomass. The
determining factors were the age of the planta-
tion, weather conditions and lack of fertilization
during the experiment. Fertilization was applied
only in the year of the plantation establishment,
for which the majority of components obtained a
higher percent share in the biomass. Carbon was
the least sensitive to the lack of fertilization, its
per cent share in biomass during the three years
was at a similar level of 36.6%.

Too high or too low content of macronutrients
in arable crops reduces their quality reduction for
industrial processing. It also indicates the dynam-
ics of the nutrients transition from soils to plants
[Stanistawska-Glubiak and Korzeniowska 2007].
Virginia fanpetals grown from sowing and plant-
ing in 2016 contained the most nitrogen, phospho-
rus, potassium, magnesium and sulfur (Tabele 2).

The content of nitrogen in the biomass
of Virginia fanpetals ranged from 12.59 to
23.30 g'kg! DM. The test plants harvested in the
first year of experiment were characterized by its
highest content. Regardless of how the plantation
was set up, its concentration ranged from 22.55 to
23.30 g'kg! DM (Table 3). In subsequent years, a
downward trend of this element was noted. In the

Plantation establishment
Crop years system Mean
sowing planting
2016 16.04 16.38 16.21
2017 16.53 16.19 16.36
2018 17.53 17.46 17.49
Mean 16.7 16.0 16.68
LSD, . 0.23 0.70 0.37
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Fig. 2. Average percentage (= maximum and minimum value) of analyzed nutrients in dry biomass
[Bury et al. 2019]
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biomass of Virginia fanpetals obtained from sow-
ing and planting, the amount of nitrogen deter-
mined remained at an average level of 15.88 g-kg
lin the second year and 12.94 g-kg! DM in the
third year of experiment. It is the nitrogen content
higher by 44.2% and 76.9%, respectively, in rela-
tion to the nitrogen obtained in the biomass of the
test plant in 2016. A statistical analysis showed a
negligible effect of the plantation establishment
method on the nitrogen content in the Virginia
fanpetals biomass. Significant differences were
found between the first, second and third year of
running the plantation for the Virginia fanpetals
biomass grown from sowing and planting.

The average phosphorus content in the Vir-
ginia fanpetals biomass in individual years in
both the sowing and planting systems was similar.
Regardless of how the plantation was established,
the highest phosphorus content was recorded
in the first year of plantation establishment. In
subsequent years, there was a tendency for the

content of the analyzed element to decrease in the
Virginia fanpetals biomass compared to 2016; the
amount of phosphorus determined in the second
year of research was lower by 70.1%, and in the
third year by 66.3%. No significant influence of
the plantation establishment method on the phos-
phorus content in the Virginia fanpetals biomass
was found (Table 2).

The analysis of the potassium and magnesium
content in the test plant biomass showed a great
variation. The potassium content ranged from
0.99 to 2.11 g-kg'! DM and mainly depended
on the year, in which the harvest was made. The
highest potassium content was obtained in the
first year of plantation in the biomass of Virginia
fanpetals grown from sowing, and less by 39.7%
from planting. The plantation establishment sys-
tem did not have any significant impact on the
content of potassium in the biomass of Virginia
fanpetals, except for the first year. In subsequent
years, a decrease in the content of the analyzed

Table 2. General content of N, P, K, Mg and S in Virginia fanpetals biomass in years 2016-2018 [g-kg' DM]

Plantation establishment system
Crop years sowing ‘ planting Mean % share in DM
N

2016 23.30'= +0.71 22.55'= +0.78 2.28

2017 15.99'0 +1.32 15.77'° +0.39 1.59

2018 13.30'2 +0.19 12.59'0 +0.07 1.27

Average of years 17.53 +5.37 16.97 +5.09 1.71
P

2016 0.97'a +0.05 0.877a +0.05 0.09

2017 0.28'* +0.03 0.27A0 +0.01 0.03

2018 0.33' +0.06 0.301 +0.03 0.03

Average of years 0.53 +0.39 0.48 +0.33 0.05
K

2016 2.11'a +0.06 1.51!a +0.09 0.18

2017 1.22'° +0.16 0.99'° +0.13 0.1

2018 1.33" +0.01 1.21'a +0.07 0.13

Average of years 1.55 +0.49 1.23 +0.26 0.14
Mg

2016 1.15'= +0.26 0.88'= +0.09 1.02

2017 0.43' +0.01 0.52'0 +0.01 0.47

2018 0.71'a +0.03 0.73'2 +0.01 0.72

Average of years 0.76 +0.36 0.71 +0.18 0.74
S

2016 1.61'2 +0.05 1.50"a +0.02 0.16

2017 0.81' +0.01 0.70' +0.01 0.08

2018 0.80' +0.01 0.73' +0.03 0.08

Average of years 1.07 +0.46 0.98 +0.45 0.10

* explanations of abbreviations: values marked with the same letters do not differ significantly according to the
Tukey test at the significance level of p = 0.05; Roman number — way of plantation establishment, lowercase —

year of sampling.
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element was recorded. In the second year of ex-
periment, the decrease ranged from 36.6 to 41.2%
and was statistically significant for the cultivation
from sowing and planting, while in the third year
it ranged from 19.9% to 34.4% and was statis-
tically significant only for the cultivation from
sowing. The magnesium content in the biomass of
Virginia fanpetals as well as potassium depended
on the age of the plantation (Table 2). The largest
amounts of this macroelement were determined
in the first year of establishment of the plantation
from sowing and planting. In subsequent years,
a downward trend in magnesium was recorded.
Compared to the first year, the content of mag-
nesium in the biomass of the test plant grown
from sowing decreased in relation to the second
and third years by 62.6 and 38.3%, respectively,
and planting — by 40.9 and 17.0%, respectively.
The highest sulfur content was characterized by
the test plant biomass taken from both sowing and
planting in the first year of cultivation. In subse-
quent years, a significant decrease of 50% in the
content of this element was noted. In these years,
the sulfur content in Virginia fanpetals biomass
was around 0.80 g-kg"' DM for the plants grown
from sowing and 0.70 g-kg' DM from planting.
It was found that the method of establishing the
plantation did not have a clear and targeted ef-
fect on the content of magnesium and sulfur in the
Virginia fanpetals biomass.

On the basis of the data provided by Kus
and Matyka [2010], as well as Labetowicz and
Stepien [2010] it can be stated that in our own re-
search, the nitrogen content was ten times higher,
phosphorus and sulfur twice higher, and phospho-
rus more than twice lower.

Increasing the content and greater uptake of
macronutrients by the Virginia fanpetals biomass
can be justified by the value of soil pH (pH, )
on the intensity of microbiological processes oc-
curring in the soil. This is confirmed by the

Table 3. Sum of macronutrient uptake by Virginia
fanpetals biomass in years 20162018

Plantation establishment
system
Element sowing planting LSD, o5
in kg-ha' DM
Nitrogen 267 315 6.78
Phosphorus 5.82 6.92 0.03
Potassium 23.3 24.3 n.s.
Magnesium 10.5 13.9 0.15
Sulfur 14.8 16.4 0.14

results of the research obtained by Bielinska et al.
[2008], Wysokinskiego and Kalembasy [2006],
Gibczynska et al.[2019] who found that as a result
of these processes, the nutrients not yet available
for plants are converted into the available forms,
and therefore the plant is able to take them up.

The total uptake of macronutrients by the
Virginia fanpetals biomass was higher in plant-
ing compared to sowing (Table 3). The statistical
differences were proven for nitrogen, phosphorus,
magnesium and sulfur, and for potassium, it was
an insignificant difference.

While analyzing the dynamics of macronu-
trient uptake by the Virginia fanpetals biomass,
it was found that in the first year it was defi-
nitely smaller and ranged from 4.88 to 16.47%
(Figure 3). In the following years, the uptake in-
creased, reaching the highest values up to 58%
in the last year of research. Similar results were
obtained by Izewska [2009]. Absorption of mac-
roelements by the Virginia fanpetals biomass de-
pended on the yield and content of the elements
discussed. It was also found that in the first year
of plantation establishment, the dynamics of ni-
trogen, phosphorus, potassium, magnesium and
sulfur uptake was were in the case of the Virginia
fanpetals biomass from planting compared to
sowing. An inverse relationship was noted in the
subsequent years of running the plantation, ex-
cept for the dynamics of potassium uptake.

Mineral fertilization introducing basic nutri-
ents for plants was used in the experiment; there-
fore, the calculations regarding the correlation be-
tween the yield and calorific value as well as the
moisture content and the yield and nitrogen, phos-
phorus and potassium uptake, were performed.

The research results indicate that the larg-
est correlation occurred between the size of the
Virginia fanpetals biomass yield (sowing, plant-
ing), as well as the nitrogen and phosphorus up-
take, slightly less for potassium (Figure 4). The
calculated correlation coefficients were: nitrogen
r = 0.977, phosphorus r = 0.971 and potassium
r = 0.335 [Kacon 2005, Styrczula and Mozdzer
2013]. A correlation analysis showed very high
correlation between the size of the Virginia fan-
petals biomass yield as well as the nitrogen and
phosphorus uptake. This proves that nutrient up-
take is heavily dependent on crop yields [Styrc-
zula and Mozdzer 2013,Gaj 2010].

The largest correlation occurred between the
yield quantity of Virginia fanpetals from sowing
and planting, and the calorific value and about
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50% lower for humidity. The calculated corre-
lation coefficients were for: yield r = 0.526 and
moisture content r = 0.276 (Figure 5).

During the experiment, the biomass yields
were significantly positively correlated with the
uptake of nitrogen, phosphorus and potassium by
the test plant as well as the calorific value. Kocon
[2005] reported similar research results. The
calorific value of the Virginia fanpetals biomass
with the analytical moisture content was also
positively correlated.

CONCLUSIONS

1. Studies have shown that the method of estab-
lishing the plantation (sowing, planting) did
not have any significant influence on the calo-
rific value of Virginia fanpetals.

2. A significant effect on the calorific value of
Virginia fanpetals was found between years.
The lowest calorific value of the Virginia fan-
petals biomass was obtained in the first year of
plantation establishment, and the highest in the
third year.

3. The method of the plantation establishing
(sowing, planting) did not have any significant
influence on the content of nitrogen, phospho-
rus and potassium in the biomass, and was sig-
nificant for magnesium and sulfur.

4. More macroelements were contained in the
Virginia fanpetals biomass from sowing com-
pared to planting.

5. The content of macronutrients in the Virginia
fanpetals biomass (average of three years of
cultivation) was in the following series of de-
creasing values: N> K>S > Mg >P.

6. The total uptake of macroelements by the
Virginia fanpetals biomass was higher in the
planting cultivation system.

7. The dynamics of macronutrient uptake by the
Virginia fanpetals biomass depended on the
yield and their content. It was pointed out that
in the first year of running a plantation from
planting, there was greater dynamics of mac-
ronutrient uptake by the Virginia fanpetals bio-
mass compared to the sowing system.

8. A correlation analysis showed very high cor-
relation between the size of Virginia fanpetals
biomass yield as well as the nitrogen and phos-
phorus uptake.

9. The largest correlation occurred between the
quantity of biomass yield of Virginia fanpetals
from sowing and planting, and calorific value
and about 50% lower for the moisture content.
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