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ANALYSIS OF SELECTED ENVIRONMENTAL INDICATORS IN THE CULTIVATION
SYSTEM OF ENERGY CROPS

BoZzena SOLTYSOVA*, Martin DANILOVIC

National agricultural and food centre - Agroecology Research Institute Michalovce, Slovak Republic

The changes of selected chemical parameters were observed in Gleyic Fluvisols. The field experiment was established as a two-
factor experiment with four energy crops (Arundo donax L., Miscanthus x giganteus, Elymus elongatus Gaertner, Sida hermafrodita)
and two variants of fertilization (nitrogen fertilization in rate 60 kg ha™', without nitrogen fertilization). Soil samples were taken
from the depth of 0 to 0.3 m at the beginning of the experiment in the autumn 2012 and at the end of reference period in the
autumn 2015. Land management conversion from market crops to perennial energy crops cultivation has influenced changes
of selected soil chemical parameters. The contents of soil organic carbon were affected by cultivated energy crops differently.
It was found out that Arundo increased the organic carbon content and Miscanthus, Elymus and Sida decreased its content. At
the same time, the same impact of the crops on content of available phosphorus and potassium and soil reaction was found. It
was recorded that each cultivated crop decreased the soil reaction and available phosphorus content and increased the content

of available potassium.
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Environmental indicators are an important means in the
process of assessing the state of the environment and the
development of the environment and are also related to
sustainable development of environment. Indicators are
measurable variables that inform about development and
trends. The strategic objectives of sustainable development
in relation to the environment also include mitigation of the
impact of global climate change, reduction of energy and
raw materials and reduction of the use of non-renewable
natural resources.

The quality of the environment and the air purity are
threatened by the consequences of human activity. Land
use leads to a reduction in carbon stock in the pedosphere.
Carbon in form of carbon dioxide issues from the soil and
increases gas concentration in the atmosphere (Chesworth,
2008). Atmospheric carbon dioxide has increased from
100 ppmv since preindustrial times to 385 ppmv at present
(Lathi et al., 2008).

The ratification of the Kyoto Protocol and the subsequent
legislative adaptation in term of its reduction targets and
the introduction of a wide range of measures have led to
a steady reduction in carbon dioxide emissions in Slovakia.
The amount of CO, emissions in Slovakia fell by 14.1% in
2012 compared to 2000 (Gustafikova et al., 2014).

Climate changeis related to soil degradation, soil organic
matter degradation, soil structure change, infiltration speed
change and the increase in available nutrients content. In
Slovakia, degradation threatens up to 70% of the soil (Kobza,
2014). Soil degradation has a gradual and cumulative
character. The threat to the soil is also caused by the decline
in available nutrients related with their negative balance,

as well as the deterioration of other chemical and physical
parameters of the soil.

There are many strategies to increase the soil carbon
stock and two of them are energy crops cultivation and
no-till soil management (Lal, 2004). Perennial energy crops
cultivation combine both of the mentioned strategies,
because there is no soil cultivation during productive years,
besides cultivation before planting. Growing energy crops
has the potential to mitigate carbon dioxide emissions by
the replacement of fossil fuels and also by storing carbon in
the soil due to land use change.

In terms of carbon balance, energy crops increase
carbon stocks in arable land (Davis et al., 2010; Don et al.,
2012; Zimmermann et al, 2012). Carbon accumulation
under energy crops is similar to that under perennial grasses
(Anderson-Teixeira et al, 2009) or under native pastures
(Dondini et al., 2009). For example, Miscanthus can yearly
incorporate up to 0.59 +0.16 t ha™ year" C in to the soil
(Clifton-Brown et al., 2007).

The removal of natural vegetation to make space for
energy crops could release large contents of carbon dioxide
into the atmosphere, especially through deforestation
(Danielsen et al.,, 2009). It was found out that conversion
of uncultivated natural land to biofuel agriculture resulted
in significant soil organic carbon losses (Anderson-Teixeira
et al,, 2009). Conversion of agricultural land to energy
crops seems to be a better way in terms of carbon balance.
Carbon losses from the soil when converting farmland
as well as natural stands are dependent on plant species
(Schneckenberger and Kuzyakov, 2007; Hillier et al., 2009).
The different soil utilization affects not only the changes

Contact address: Bozena Soltysové, National agricultural and food centre — Agroecology Research Institute Michalovce, Spitélska
1273, 071 01 Michalovce, Slovak Republic, @ +421 56 64 43 888, 4 soltysova@minet.sk

64


mailto:soltysova%40minet.sk?subject=

Acta Regionalia et Environmentalica 2/2017

in soil parameters, but also the quality of the production
(Duffkova et al., 2005; Symanowicz et al., 2014; Kron et al.,
2017).

The aim of this study was to evaluate the changes of
selected soil chemical parameters in the energy crops grown
on the Gleyic Fluvisols.

Material and methods

The field experiment was initiated in 2012 at experimental
station of the National agricultural and food centre -
Agroecology Research Institute, which is located in
Milhostov (48°40° N, 21°43" E). The experimental station is
situated in the central part of the East-Slovak Lowland at an
altitude of 101 m. The average annual temperature is 8.9 °C
(16.0 °C during vegetation period) and average annual
rainfall is 560 mm (350 mm during vegetation period). The
soil is Gleyic Fluvisols. According to the Novak classificatory
scale (Zaujec et al., 2009), this soil subtype belongs to
medium heavy and clayey-loamy soils (average content of
clay particles is 41%).

The average values of chemical properties of the topsoil
(depth from 0 to 0.3 m) measured before starting the
experiment were: soil total acidity 10 mmol kg™, amount
of exchange basic cations 320 mmol kg, total sorption
capacity 330 mmol kg™, degree of saturation of the sorption
complex 97%, total nitrogen content 1.5 g kg™, available
phosphorus content 95 mg kg™, available potassium content
230 mg kg, available magnesium content 295 mg kg,
exchangeable calcium content 4,700 mg kg, soil reaction
(in 1 mol dm™ KCl) 6.7, humus content 2.5%, the type of
humus is from humate-fulvic to fulvic-humate with humic
acids and fulvic acids ratio from 0.6 to 1.1.

The field experiment was established as a two-factor
experiment with four energy crops: Arundo donax L.,
Miscanthus x giganteus, Elymus elongatus Gaertner, Sida
hermafrodita and two variants of fertilization: FV — variant
with nitrogen fertilization in rate 60 kg ha”', NV - variant
without nitrogen fertilization. In both variants, phosphorus
(40 kg ha™") and potassium (60 kg ha™') were applied each
year in spring. The energy crops were fertilized with
a combination of fertilizers: Amofos (12% N, 22.7% P),
ammonium nitrate (27.5% N) and potassium chloride
(50% K). The variant size was 12 m? for Arundo, Miscanthus,
Sida and 9 m? for Elymus and each variant was three times
repeated.

Soil samples were collected in the depths of 0 to 0.3 m
in the autumn 2012 (at the beginning of the experiment)
and in the autumn 2015 (at the end of reference period).
The disturbed soil samples were analysed using well-known
methodologies to determine the following chemical soil
parameters: soil organic carbon was determined by the
Tjurin method (Hrasko et al., 1962), contents of humic acids
and fulvic acids by Kononovova and Bel¢ikova (Hriviidkova
et al, 2011), available phosphorus and potassium by the
Mehlich 1l method (Mehlich, 1984) and exchange soil
reaction in 1 mol dm? KCl solution (Hriviidkova et al., 2011).

The multi-factorial analysis of variance (ANOVA)
was used to evaluate treatment effects on selected soil
parameters. Differences between treatments means were
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assessed by the least significant difference (LSD) test. All
statistical analyses were performed using the Statgraphics
software package.

Results and discussion

The quantitative and qualitative status of soil organic matter
is the result of long-term soil-forming processes. In the
central part of the East-Slovak Lowland climatic conditions,
the decomposition processes are depends on the chemical
composition of plant residues. In the case of energy crops,
the soil organic carbon content ranged from 14.15 to
14.88 g kg'' (Table 1) and after conversion to the humus its
content corresponded to the medium stock (Fecenko and
Lozek, 2000).

The soil organic carbon content was not significantly
dependent on a year. A slight decrease in soil organic
carbon by 0.13 g kg was found between the years under
review. The changes in organic carbon content in the soil
were affected by the cultivated energy crops. Compared
to the baseline, the decline in soil organic carbon in Elymus
(-0.28 g kg™") and Sida (-0.25 g kg') was recorded in 2015.
Changes in the content of soil organic carbon were minimal
in Arundo and Miscanthus, compared to the starting year.
The decline in organic matter in the soil is considered to be
the most important factor in soil degradation.

Organic matter content in the soil is strongly influenced
by selection of a crop. Different crops contain different
amounts and quality of humus-forming material is different,
too. The decrease in soil organic carbon in Elymus and Sida
was probably related to the lower crops yield and therefore
to the lower carbon input by roots and by harvest residues.
The average dry matter yield (three-year average) found in
Elymus was 14.88 t ha and Sida 19.37 t ha™, but in Arundo
21.09 t ha” and Miscanthus 27.43 t ha™.

At the same time, soil organic carbon content was
also influenced by the changes in weather conditions.
Air temperature indirectly affects the soil organic carbon
content by the influence on the soil microbial activity
(Zhang et al., 2007). Higher air temperatures accelerate
the decomposition of soil organic matter and decrease its
content. Alvarez and Lavado (1998) report that the carbon
content in the soil decreases with increasing temperature
and it increases with increasing precipitation. The average
year air temperature was above normal during the evaluated
period, in 2013, it was much above normal and in 2014
and 2015 it was extraordinarily above normal. The higher
air temperature was probably a contributing cause for
decline in organic carbon in the soil (Table 2). A significant
negative dependence (r = -0.31) was determined between
air temperature during the vegetation periods and organic
carbon content in the soil. Marriott and Wander (2006) also
found a negative dependence between air temperature
and organic carbon in the soil. The precipitation was
different in each evaluated years and their vegetation
periods. A positive significant dependence (r = 0.32) was
found between precipitation during vegetation period and
organic carbon content in the soil. The obtained results
support the statement of Alvarez and Lavado (1998) that
raising precipitation increases the carbon content in soil.
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Table 1 Measuring data of selected soil parameters in the energy crops
Parameters Years Energy crops
Arundo Miscanthus Elymus Sida
fertilization
FV NV FV NV FV NV FV NV
2012 14.15 14.27 14.66 14.67 14.85 14.64 14.88 14.86
Cox (g kg") 2015 14.26 14.22 14.55 14.69 14.52 14.42 14.65 14.59
A 0.11 -0.05 -0.11 0.02 -0.33 -0.22 -0.23 -0.27
2012 4.06 4.10 4.63 452 4.46 4.38 4.47 437
Cus(gkg™) 2015 418 4.14 4.68 472 4.58 441 4.40 433
A 0.12 0.04 0.05 0.20 0.12 0.03 -0.07 -0.04
2012 1.96 2.03 2.05 2.05 2.19 2.03 2.16 2.18
Cialg kg") 2015 2.12 2.15 2.22 2.23 2.32 2.15 2.23 2.24
A 0.16 0.12 0.17 0.18 0.13 0.12 0.07 0.06
2012 2.10 2.08 2.59 247 2.27 2.35 231 2.19
Cea(gkg™) 2015 2.06 1.99 2.46 248 2.26 2.26 2.18 2.09
A -0.04 -0.09 -0.13 0.01 -0.01 -0.09 -0.13 -0.10
2012 6.83 6.82 6.71 6.69 6.68 6.68 6.65 6.65
:)1Hmol dm=KCl) 2015 6.70 6.71 6.64 6.66 6.66 6.64 6.61 6.61
A -0.13 -0.11 -0.07 -0.03 -0.02 -0.04 -0.04 -0.04
2012 104.2 103.9 97.4 98.4 90.2 87.5 93.9 95.3
P (mgkg™) 2015 104.0 98.5 91.5 96.4 84.1 80.7 84.8 85.5
A -0.2 -54 -5.9 -2.0 -6.1 -6.8 -9.1 -9.8
2012 207.2 214.0 231.2 231.2 230.0 227.7 241.2 237.5
K(mgkg™) 2015 226.1 234.3 247.2 248.1 250.6 250.2 255.5 253.0
A 18.9 20.3 16.0 16.9 20.6 22.5 143 15.5
C, - soil organic carbon; Cs — humus substances carbon; C,,, - humic acids carbon; C;, — fulvic acids carbon; pH in 1 mol dm™
KCl - exchange soil reaction; P - available phosphorus; K - available potassium; FV - variant fertilized with nitrogen in rate
60 kg ha™' N; NV - variant without nitrogen fertilization; A - difference 2015-2012
Table 2 Statistical evaluation of selected soil parameters in the energy crops
Source Factor Observed parameter
variability
Cox. Cus Cia Cea pH P K
Arundo 14,22 a 4.12a 2.06 a 2.06 a 6,76 b 102,7d 2204 a
Miscanthus 14,64 b 4.64 c 2.14 ab 2.50¢ 6,67 a 959c¢ 2394 b
N Elymus 14,61b 446 b 2.17 ab 2.28b 6,66 a 85,6 a 2396 b
Sida 14,75 b 439b 220b 2.19ab 6,63 a 899b 246,8 ¢
FV 14,57 a 443 a 2.16 a 2.28a 6,68 a 93,8a 236,1a
Fertilization
NV 14,55 a 437a 2.13a 2.24a 6,68 a 93,3a 237,0a
2012 14,62 a 437a 2.08a 2.29a 6,71b 96,4 a 227,5a
Year 2015 14,49 a 443 a 221b 2.22a 6,65 a 90,7 b 2456 b

C,y — soil organic carbon; C;s — humus substances carbon; C,;, — humic acids carbon; C;, — fulvic acids carbon; pH - exchange soil
reaction; P — available phosphorus; K — available potassium; FV - variant fertilized with nitrogen in rate 60 kg ha™ N; NV — variant

without nitrogen fertilization; letters (a, b, ¢, d) between factors refer to statistically significant differences (o = 0.05) — LSD test

66




Acta Regionalia et Environmentalica 2/2017

By modelling the development of soil organic
matter content, it has been found out that under current
management methods, the development of its content is
still pessimistic (Barancikova et al., 2010). However, organic
matter losses from the soil may not be permanent. Existing
remedial practices for organic matter storage in soil can
contribute to reducing or suspending excessive releases
of carbon into the air. These remedies may even provide
a positive balance of carbon in the soil and are simply
called carbon sequestration (Bielek and Jurc¢ova, 2010).
Average annual increases of soil organic matter by carbon
sequestration range from 1.38 t ha™ to 17.0 t ha'. Carbon
sequestration into the soil can be achieved by corrections
on both sides of the carbon balance, i.e. by reducing the
intensity of mineralization of soil organic matter and by
increasing carboninputsinto the soil through the regulations
in crop rotation and increased doses of the organic
fertilizers and organic waste materials. It was assumed that
the change in land management, the conversion to the
perennial energy crops cultivation, would allow the storage
of carbon in the soil. In Arundo, an increase in soil organic
carbon by the average of 0.05 g kg"' was found during
the study period, which, after conversion, represents an
insignificant increase by 0.225 t ha” Cin the top soil (0.3 m).
In Miscanthus, the soil organic carbon content decreased
by an average of 0.08 g kg™, which represents a decrease of
only 0.360 t ha™' C in the top soil (0.3 m) for three years. The
decline in the soil organic carbon between 2012 and 2015
was also found in Elymus (-0.28 g kg') and Sida (-0.25 g kg™),
which, after conversion, represents for three years a carbon
loss of 1.260 t ha™ in Elymus and 1.125 t ha™' in Sida in the
top soil (0.3 m). The lower dry matter yield was attained
in the first two to three years after the establishment of
perennial energy crops, and therefore lower amounts of
the roots and postharvest residues remain in the soil. It is
hypothesized that higher input of organic carbon from the
root and postharvest residues will be in the older crops that
produce higher yield the organic carbon balance will be at
least balanced or slightly positive.

The soil organic matter content does not increase by the
application of industrial fertilizers. If the postharvest residues
remain in the soil and industrial fertilizers are applied too,
the soil organic carbon content increased indirectly by
increasing the biomass production of the plants (Tobiasova
and Simansky, 2009). The observed changes in soil organic
carbon content in the fertilized variant were similar to those
of the variant without fertilization. The decline in soil organic
carbon on average by 0.14 g kg™ in the fertilized variant and
by 0.13 g kg in the unfertilized control was recorded in
2015 compared to the initial level. Three year average of dry
matter yield was 22.87 t ha™ in the Arundo, 31.71 t ha™ in
the Miscanthus, 16.58 t ha™ in the Elymus and 23.77 t ha™ in
the Sida at the variant with nitrogen fertilization. At variant
without fertilization the average of dry matter yields were
lower (Arundo 19.31 t ha!, Miscanthus 23.14 t ha™, Elymus
13.18 tha’, Sida 14.96 t ha™).

Simultaneously with the mineralization of the organic
matter in the soil the humification process is taking place,
in which specific nitrogen containing humus compounds
are formed (Hlla and Prochazkova et al., 2008). Humus
compounds in form of humic acids and fulvic acids
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constituted up to 29.9% in the soil organic carbon in 2012
and exceeded 30.6% in the soil organic carbon at the
end of the research period. The total content of humus
compounds significantly depends on the crop (Table 2).
The carbon content of humus compounds increased after
three years of Miscanthus (+0.13 g kg™), Arundo and Elymus
(+0.08 g kg™ cultivation. Contrary, the carbon content of
humus compounds decreased by 0.06 g kg™ after three
years cultivation of Sida. The increase in humus compounds
was related with significant increase in more stable humic
acids. The highest increase of humic acids was found out in
Miscanthus (+0.18 g kg™) in comparison with Arundo and
Elymus (+0.14 g kg™, resp. +0.13 g kg™). At the same time,
these crops showed a comparable decrease in less stable
fulvic acids. The decrease in the humus compounds in the
soil in Sida was associated with the lowest increase in the
humic acids and the highest decline in the fulvic acids.

The close correlations between the organic carbon
content and the humus compounds identified Horacek et
al. (2005). Significant, slightly positive dependence (r=0.48)
was confirmed between organic carbon and humus
compounds in the soil after the energy crops cultivation.
Positive dependence was formed by humic acids (r = 0.26)
and mainly by fulvic acids (r=0.39).

The soil reaction and the nutrient contents belong to
the soil parameters affecting its fertility. The exchange soil
reaction ranged between 6.61 to 6.83 for the cultivation
of perennial energy crops and this range is classified
as neutral with respect to the assessment criteria (Act
no. 151/2016 Coll.). A significantly higher soil reactions
were measured at the beginning of the experiment in 2012.
Insufficient replacement of annual calcium losses caused
amoderate decrease in soil reaction from 6.71t0 6.65in 2015
(Table 1). Annual losses of calcium from the soil, by leaching,
by the crop planting, by the fertilizers and by the rain are
reported by Bizik et al. (1998) at the level of 350 kg ha™ CaO.
To prevent soil acidification, regular soil liming is necessary.
With the current trend, the soil reaction may be reduced
more rapidly in the following years. The highest decrease in
soil reaction (0.12) was found in Arundo. A lower decrease in
soil reaction was found in Miscanthus, Elymus and Sida, the
soil reaction in all three crops was comparable (from 0.03
to 0.05).

In terms of criteria for the evaluation of chemical analysis
of the arable soils (Act no. 151/2016 Coll.), the detected
content of available phosphorus in the soil in energy
crops was classified from satisfactory to good content
and the available potassium content as good. The content
of available phosphorus and potassium in the soil in our
experiment depended only on the uptake by crops. The
content of available phosphorus decreased by 5.7 mg kg™ in
the soil in energy crops (Table 2). Differences in the content
of the available phosphorus in the soil were found between
the evaluated years in all monitored crops. The lowest drop
in phosphorus was found in Arundo (-2.8 mg kg™) and
Miscanthus (-4.0 mg kg™"), higher in Elymus (-6.5 mg kg™)
and the highest in Sida (-9.5 mg kg™). Conversely, in the
case of available potassium, a significant increase by
18.1 mg kg’ was found between the baseline and the final
year of the experiment. The different trend in potassium
and phosphorus contents probably caused diametrically
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different amounts of deposition. Dry and wet deposition of
potassium is about 30 to 40 kg per hectare and year, while
the phosphorus is only about a kg per hectare and year
(Kovécik, 2001).

The detected changes in available nutrients content
were comparable at the different fertilization variants.
The phosphorus content decreased by 5.3 mg kg’ in
the fertilized variant and by 6.0 mg kg in the variant
without fertilization. The potassium content increased by
17.5 mg kg in the fertilized variant and by 18.8 mg kg
in the variant without fertilization. The difference between
the variants of fertilization was not significant for both
nutrients.

Conclusions

The change in land management, the conversion to
the perennial energy crops cultivation, was reflected in
changes in the soil organic carbon content depending on
the cultivated crop. In Arundo, the increase in soil organic
carbon by an average of 0.05 g kg"' was found during
the study period, which, after conversion, represents the
insignificant increase by 0.225 t ha™ Cin the top soil (0.3 m).
In Miscanthus, the soil organic carbon content decreased by
an average of 0.08 g kg™, which represents the decrease of
only 0.360 t ha™' C in the top soil (0.3 m) for three years. The
decline in the soil organic carbon between 2012 and 2015
was also found in Elymus (-0.28 g kg™') and Sida (-0.25 g kg™),
which, after conversion, represents for three year the carbon
loss of 1.260 t ha™ in Elymus and 1.125 t ha' in Sida in the
top soil (0.3 m).

The content of organic soil carbon is related to the yield
of energy crops and changes in weather conditions. The
average year air temperature was above normal during
the evaluated experimental period, which was probably
a contributing cause for the decline in organic carbon in
the soil. A significant negative dependence (r = -0.31) was
determined between air temperature during the vegetation
periods and organic carbon content in the soil and a positive
significant dependence (r = 0.32) was found between
precipitation during vegetation period and organic carbon
content in the soil.

The carbon content of humus compounds increased
after three years of Miscanthus (+0.13 g kg™), Arundo and
Elymus (+0.08 g kg™) cultivation. On the contrary, the carbon
content of humus compounds decreased by 0.06 g kg
after the three years cultivation of Sida. The increase in
humus compounds was related with the significant increase
in more stable humic acids. The content of less stable fulvic
acids decreased comparatively with the increase in the
humic acid content.

The largest decline in soil reaction on average by
0.12 was found in Arundo.The lower decrease in soil reaction
was found in Miscanthus, Elymus and Sida, soil reactions in
all three crops were comparable (from 0.03 to 0.05).

A significant decrease in the available phosphorus
content in soil was recorded between the baseline and the
final year of the experiment in all monitored energy crops.
The lowest decrease was found in Arundo and Miscanthus,
higher in the Elymus and the highest in the Sida. Conversely,
the available potassium content in the soil was increased.
The higher increase of available potassium in the soil was
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found in Arundo and Elymus and lower in Miscanthus and
Sida.
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