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ABSTRACT

This experimental work was undertaken to assess the effect of various fertilization regimes (CaNPK, NPK, CaPK,
CaPN, CaKN and Ca) and different soil properties on growth and yield of Miscanthus plants and to check the
impact of this plant on soil microbial characteristics. Field experiment was set up in 2003 on a long-term fertiliza-
tion experiment, which had been established since 1923. Miscanthus giganteus response to high soil acidity and
deficiency of N, P and K was investigated. Some physico-chemical and microbiological properties of soil samples
were estimated and microbial characteristics of soil were conducted to investigate the number of the following mi-
croorganisms: heterotrophic bacteria, microscopic fungi, and some diazotrophic bacteria. Obtained results showed
that, the highest yield of Miscanthus was obtained from the field fertilized with the CaNPK; while the lowest one
was found for plants grown without nitrogen (CaPK). The high acidity of soil and small amount of phosphorus did
not affect the yields in the NPK and CaKN combinations as compared with CaNPK one. The experiments showed
that Miscanthus giganteus responded positively to mineral fertilization, especially with nitrogen. The rhizosphere of
Miscanthus plants provides a suitable environment for the growth and development of microorganisms, in contrast

to the non-rhizosphere zone.
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An important issue in the development of many
countries is the gradual replacement of fossil fuels
with biomass from renewable sources (Pultowicz
2009). This is an extremely important strategy aimed
at slowing down climate changes and strengthening
energy security. The ‘strategy for renewable energy
development’ adopted by Poland in 2004 implied
that the share of renewable energy in the balance
of primary energy at the national level should reach
7.5% in 2010 and 14% in 2020. Cultivation of energy
crops, which include Miscanthus giganteus, is seen
as one of the most important potential sources of
biomass (Faber et al. 2007).

Miscanthus giganteus from the grass family, is
closely related to species of sugar cane and can
freely interbreed with it (Jezowski 1999, Deuter

and Jezowski 2002). M. giganteus performs C4 pho-
tosynthesis and is characterized by high biomass
production (Chou 2009). The biomass derived from
M. giganteus plants is used in various industries e.g.
in furniture making, construction, the petroleum
and cellulose industries, as a fuel (briquettes, oil,
gas), in the production of biodegradable plastics,
remediation of soils contaminated with heavy met-
als, for strengthening land areas at risk of erosion,
and also as animal food.

This work was undertaken to assess optimal fertili-
zation regime for growth and high yield of Miscanthus
cultivated in Poland for energy purposes. Moreover,
the impact of this species on soil microbial composi-
tion on a plantation of M. giganteus energy crop under
different mineral fertilization regimes was studied.
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MATERIAL AND METHODS

The object of chemical and microbiological
analyses was soil taken under Miscanthus gigan-
teus plants grown in different fertilization com-
binations. The experiment was set up in 2003 in
triplicate on the site of a long-term fertilization
experiment in which a fixed fertilization scheme
had been applied since 1923: CaNPK, NPK, CaPK,
CaPN, CaKN, Ca. The experiment was carried out
on a podzolic soil formed from heavy loamy sand.
Chemical and microbiological tests were carried
out over 2010 and 2011 at three different times of
the year (spring, summer, and autumn).

Chemical tests were carried out on plants and
non-rhizosphere soil, whereas microbiological tests
included both rhizosphere and non-rhizosphere
soils. Rhizosphere soil was taken to be the soil that
remained within the root system of Miscanthus
plants after shaking them.

Soil samples were analysed for pH in 1 mol/L KCI
(PN-ISO 10390), total nitrogen (PN-ISO 11261),
organic carbon (PN-ISO 10694), available P by
Egner-Riehm method (Fotyma et al. 2005), and
exchangeable forms of K, Mg and Ca (Ostrowska
etal. 1991). Plant samples were analysed for total
amounts of macroelements (N, P, K, Mg, Ca, S)
(Ostrowska et al. 1991).

Microbial characteristics in the soil were as-
sessed on the basis of population sizes of se-
lected physiological groups of microorganisms:
heterotrophic bacteria on the Bunt and Rovira
medium (1955), and microscopic fungi on the
Martin’s medium (1950). The most probable num-
ber (MPN) of diazotrophic bacteria (Azotobacter
sp. and Clostridium pasteurianum) was deter-
mined in the Winogradsky’s nitrogen-free me-

dium (D’bereiner 1961). For this purpose, cultures
of Azotobacter sp. were established in a short
column (5 ¢m) of the nutrient medium, and
those of Clostridium sp. in a tall column (15 cm)
of the medium. The tests were conducted in trip-
licate. MPN values for the bacteria were read off
using the McCready’s tables for three replications
(Girard and Rougieux 1967). Population sizes of
the physiological groups of the microorganisms
under study were expressed in colony forming
units (CFU) or MPN (diazotrophs) per 1 kg of dry
weight of soil (Filipek et al. 2000).

Measurements were donein threerepetitions (7 = 3).
The results of the tests were verified statistically
using the analysis of variance (Statgraphics Plus
4.1, Warrenton, USA), homogeneous groups were
distinguished with the Tukey’s test for o = 0.05.

RESULTS AND DISCUSSION

The chemical properties of the tested soils were
highly varied, as shown in Table 1. The soils were
found to contain 4.5-4.6 g/kg of organic carbon,
which resulted from the fact that no organic fer-
tilization had been applied to the experimental
field for 87 years. The lowest organic C content
was obtained in the combinations without nitro-
gen fertilization. The amounts of available P and
K were the highest in the combination without
nitrogen fertilization (CaPK), and the lowest in
the plots not fertilized with these nutrients for
dozens of years. The higher amounts of P and K
on the plots without nitrogen are due to the fact
that crop yields in that combination were lower
than in the CaNPK combination fertilized with
nitrogen, and the uptake of phosphorus and po-

Table 1. Soil chemical properties depending on the applied mineral fertilization and liming

Fertilization Corg N P K Mg Ca "
combination (g/kg) (mg/kg) P

Ca 4.522 0.49° 10.12 35.6 63.1° 881.3P 6.3
CaNPK 4.642 0.472 46.7° 66.7° 57.3b 845.3P 6.0
NPK 4.572 0.462 44.7° 68.4P 31.1° 382.92 4.2
CaPK 4.502 0.502 79.6° 86.9¢ 66.1P 879.6P 6.2
CaPN 4.59° 0.492 60.2¢ 29.12 62.3b 881.6P 6.2
CaKN 4.60? 0.472 8.92 72.4P 59.1b 819.6P 6.1

Common letters in superscripts indicate the lack of significant differences between mean values (P < 0.05) in

the same column
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tassium was also lower, as a result of which more
of these elements remained in the soil. The pH
in the regularly limed combinations was slightly
acidic, and strongly acidic on the un-limed plots.

The results show that the highest yields of
Miscanthus were obtained in the CaNPK com-
bination with full mineral fertilization (Table 2),
and the lowest in the fertilization variant without
nitrogen (CaPK). The latter combination gave even
lower yields than the control, i.e. the combination
with no fertilization since 1923. Miscanthus also
responded to potassium deficiency with a very
large drop in yield. Hence, in the combinations not
fertilized with potassium since 1923, the yields of
the plant were 17% lower than on the plots with
full CaNPK fertilization. Miscanthus plants were
the least responsive to phosphorus deficiency and
soil acidification. The yields on the soil without
phosphorus fertilization and on the acidic soil
(NPK) were only about 6% lower than on the soil
with full (CaNPK) fertilization.

As perennials, Miscanthus plants can take advan-
tage of the soil’s natural resources to a much greater
extent than annuals. Moreover, these plants, while
remaining in the field until late autumn and even
winter, lose part of the generated biomass, mainly
leaves, which, having fallen to the surface of the
soil, contribute towards increasing the amounts
of some nutrients taken up by crop during the
growing season. By harvesting Miscanthus late
also gives the plants an opportunity to withdraw a
portion of the components from the aboveground
organs to the roots, which is a characteristic feature
of the species. Research results of other authors

(Ercoli et al. 1999, Kahle et al. 2001, Kalembasa
and Malinowska 2007) indicate that Miscanthus
can be grown on light soils.

The amounts of elements in Miscanthus plants
determined at harvest in the different fertilization
combinations did not vary much (Table 2). The
largest variations were in the amounts of calcium
and magnesium, and the smallest ones in those of
phosphorus and nitrogen. The lowest amounts of
N, P, K were obtained on the plots that had not
been fertilized with these components for more
than 88 years. The highest phosphorus content
was recorded in the CaPK combination, potas-
sium in CaNPK, and nitrogen in CaPN. Sulphur
content was also determined. The amount of this
element in Miscanthus plants was relatively low
(less than 0.1% in dry matter). The low sulphur
content does not pose a risk of increased SO,
emissions in the combustion of the biomass for
energy purposes (Table 2). Other authors have also
indicated that combustion of an ecological fuel also
means a significant reduction in the emission of
volatile sulphur compounds compared with coal
or petroleum products (Chum and Overend 2001,
Demirbas 2004).

Fertilization not only changes the physical and
chemical properties of the soil, improving them
by crop yields, but also produces quantitative and
qualitative changes in soil physiological groups
of microorganisms. The microbiological tests
presented here revealed an effect of mineral fer-
tilization and liming on the number of the physi-
ological groups of microorganisms determined in
non-rhizosphere and rhizosphere soils under the

Table 2. Yields of Miscanthus giganteus and effect of mineral fertilization on the levels of macroelements in

Miscanthus plants at harvest; average values for 2010-2011

Fertilization Yields Content (mg/kg DW)

combination (t/ha) P K N Mg Ca S
Ca 22.79° 0.092 3.032 4.112b 0.55P 1.832 0.552
CaNPK 26.85" 0.12b 5.42b 4.88¢ 0.75¢ 5.27¢ 0.80P
NPK 25.19P 0.092 5.09P 4.70¢ 0.54P 3.18P 0.85P
CaPK 15.16¢ 0.13b 5.21P 3.232 0.342 2.17% 0.75P
CaPN 22.142 0.11b 2,552 5.18¢ 0.68¢ 2.56° 0.70°
CakN 25.57P 0.082 4.9> 4.92¢ 0.65P 2.452 0.452
Average 22.95 0.10 4.37 4.50 0.59 2.91 0.68

Common letters in superscripts indicate the lack of significant differences between mean values (P < 0.05) in the

same column. DW — dry weight
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Table 3. Number of microorganisms in non-rhizosphere soil under Miscanthus giganteus energy crop grown

under different mineral fertilization regimes

Fertilization Bacteria Microscopic fungi Azotobacter s Clostridium
combination (CFU x 108/kg (CFU x 10%/kg (103/kg DW of s[Z;il) pasteurianum
DW of soil) DW of soil) J (105/kg DW of soil)

Ca 180.4P 47.12 385.22b 125.7b
CaNPK 88.92 42.62 41.92b 65.32b

NPK 181.5P 62.5P 34.42P 20.0?

CaPK 136.12P 39.42 528.1P 136.1P

CaPN 103.4° 43.12 21.32 17.43

CaKN 180.7P 47.02 41.5%b 40.42

Common letters in superscripts indicate the lack of significant differences between mean values (P < 0.05) in the

same column. DW — dry weight

Miscanthus crop (Tables 3 and 4). The obtained
results are consistent with those described in the
literature on the effects of fertilization on soil
microbial activity (Barabasz et al. 2002, Kanova et
al. 2010, Lazcano et al. 2013). In the rhizosphere
soil, the number of heterotrophic bacteria was
more than three, and that of microscopic fungi
more than two orders greater than the size of
these groups in the non-rhizosphere soil (Tables 3
and 4).

Similar relationships were found for the num-
ber of aerobic diazotrophic bacteria of the genus
Azotobacter (Table 4). By comparison, the number
of Clostridium pasteurianum remained at the same
level regardless of the distance from the roots. The
large increase in the number of the test bacteria
in the rhizosphere soil (Table 4) in relation to
non-rhizosphere soil (Table 3) may be caused by
organic compounds secreted by the root system

of Miscanthus plants, such as monosaccharides,
amino acids and organic acids (Hromadko et al.
2010, Kanova et al. 2010, Técher et al. 2011). These
compounds can be used by microorganisms for
their growth and development, as carbon and
energy sources.

In this study, the non-rhizosphere soil taken from
the NPK fertilization variant contained the high-
est number of fungi in comparison with the other
fertilization variants (Table 3). The increase in
fungal populations has, on the one hand, a positive
effect on soil properties because fungi take part
in the breakdown of organic matter and thereby
in the ‘circulation of elements in nature’ On the
other hand, fungi synthesize toxins, and thus have
a negative impact on soil-inhabiting organisms.
The smallest numbers of heterotrophic bacteria,
compared with the control (Ca), were found in
the CaNPK and CaPN fertilization variants and

Table 4. Number of microorganisms in rhizosphere soil under Miscanthus giganteus energy crop grown under

different mineral fertilization regimes

e Bacteria Microscopic fungi Clostridium
Fertilization 1 3 Azotobacter sp. .
combination (CFU x 10'1/kg (CFU x 10%/kg (105/kg DW of soil) pasteurianum

DW of soil) DW of soil) & (10°/kg DW of soil)
Ca 778¢ 850.04 119.0¢ 270¢
CaNPK 3932 30.32 11.04 1134
NPK 338 24.3 8.0¢ 82
CaPK 540P¢ 47.32b 3.0 29b
CaPN 538bc 177.0b¢ 1.22 82
CaKN 1592 300.0¢ 1.32 72¢

Common letters in superscripts indicate the lack of significant differences between mean values (P < 0.05) in the

same column. DW — dry weight
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in the absence of many years of fertilization with
mineral nitrogen (CaPK) (Table 3). The number
of Azotobacter sp. in the non-rhizosphere soil
depended on the levels of nitrogen and phospho-
rus in the soil. The highest count was obtained
in the combination without nitrogen fertiliza-
tion (CaPK), and the lowest in the combination
without potassium (CaPN) (Table 3). In the case
of C. pasteurianum, the highest count outside of
the rhizosphere was recorded in the control (Ca)
and the combination without nitrogen fertilization
(CaPK) (Table 3).

The number of microorganisms in the rhizos-
phere soil depends not only on the soil properties
but also on root exudates. For that reason, the
microbial activity in the rhizosphere of Miscanthus
plants, expressed by the number of physiological
groups of microorganisms, proceeds differently
than in the soil outside of the rhizosphere. The
highest counts of investigated groups of micro-
organisms in the rhizosphere of the test plant
(Table 4) were recorded in the control combination
(Ca). Significantly higher numbers of microscopic
fungi were also obtained in the soil very low in
phosphorus (CaKN). Phosphorus fertilization
decreased the fungal count in the soil (Table 4).
This can be explained by the fact that the root
system of the Miscanthus plant releases exudates
that are rich in many chemical compounds readily
available to microorganisms into the rhizosphere
(Hromadko et al. 2010, Técher et al. 2011), which
makes it a suitable environment for their growth
and development. The applied mineral fertiliza-
tion decreased the number of diazotrophs in the
rhizosphere (Table 4).

In conclusion, Miscanthus giganteus responded
positively to the addition of mineral fertilization,
especially with nitrogen. The highest yield was
obtained with full CaNPK fertilization, and the
lowest one in the combination without nitrogen
fertilization (CaPK). The assessment of the amounts
of nutrients accumulated in the aerial parts of the
evaluated plant species in full growth (August) and
at harvest (February, March) indicates a substan-
tial return of these nutrients to the soil through
leaf fall and physiological outflow of nutrients
to the underground parts of plants. This aspect
should be taken into account in the balancing of
nutrients and determination of fertilizer doses.
The type of the applied mineral fertilization also
affects the microbiological properties of the soil.
Strong acidification of the soil increases the num-

ber of microscopic fungi in the non-rhizosphere
soil. Finally, the rhizosphere of Miscanthus plants
provides a suitable environment for the growth
and development of microorganisms, in contrast
to the non-rhizosphere zone.
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