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Abstract

Soil organic matter (SOM) is one of the primary indicators of soil quality, which plays an important role in
enhancing a range of soil physical, chemical and biological functions in the agricultural ecosystem. Switchgrass
cultivation for bioenergy has the potential to improve and stabilize soil properties on marginal land over the years.
The research was aimed to evaluate the dynamics of SOM in different types of switchgrass cropping systems
and the influence of SOM on switchgrass productivity. The experiment was performed on a marginal land in the
central part of the forest-steppe zone of Ukraine. The switchgrass (Panicum virgatum L.) cultivar ‘Cave-in-Rock’
was used. The experiment included two factors. Factor A – type of cropping: 1) sole crops of switchgrass (Sw)
– control; 2) strip intercropping of switchgrass and lupine (Sw + strip); 3) mixed intercropping of switchgrass and
lupine (Sw + mix). Factor B – years of switchgrass cultivation (2010–2016). It was demonstrated that perennial
switchgrass cultivation has the potential to increase SOM content. SOM content in Sw + strip crops increased by
0.12%, in Sw + mix – by 0.09% and in Sw – by 0.07%. The highest switchgrass productivity was formed in Sw +
strip (from 1.11 to 1.53 kg m-2) and in Sw + mix (from 1.12 to 1.45 kg m-2) crops, the lowest – in Sw (from 0.85 to
1.34 kg m-2) crop. The maximum switchgrass productivity was observed for 5–7 years of cultivation. The highest
height of plants and number of shoots of switchgrass were in Sw + strip crops, and significantly less in the other
treatments. The results of the experiment showed a great increase of switchgrass productivity and SOM content in
switchgrass crops and confirmed that switchgrass can be a sustainable energy crop.
Key words: soil organic matter, switchgrass productivity, types of switchgrass cropping.

Introduction

Soil is the largest organic carbon (Corg) pool
of the terrestrial ecosystems on earth, which interacts
strongly with atmospheric composition, climate and land
cover change (Jobbágy, Jackson, 2000). An integral part
of any soil is organic matter. It is a complex of biomass
and plant organic residues, animals, microorganisms and
products of their metabolism. The main C inputs to the
soil are: primary production (crop residues), root and
weed biomass production. Aguilera et al. (2018) have
reported average soil C inputs in the total cropland area
from 2 to 2.4 Mg C ha-1 yr-1.
Roots represented the majority of C inputs
across most of the crop-management categories. Crop
C allocated belowground represented a very significant
fraction of soil C inputs. For example, in Spain, the
average value of crop C inputs increased from 26% to 47%
during the period from 1900 to 1980. Total belowground
contribution to soil C inputs including weeds ranged
between 50–70% across all crop-management categories
and periods. Weed biomass played a major role in the
observed trends in soil C inputs. According to research
data in Spain until 1960, it represented about 50% and
75% of soil C inputs in herbaceous and woody crops.

Manure C inputs, which include the deposition of animals
grazing in cropland, rose from 0.2 to 0.4 Mg C ha-1 yr-1
along the studied period, but their contribution to soil
total C (Ctot) inputs was always relatively low, ranging
between 8–16%. The role of urban waste in the C balance
was always marginal, barely reaching 1% of soil C inputs
in 2008 (Aguilera et al., 2018).
The soil organic carbon (SOC), acidity (pH)
and nutrient availability, electrical conductivity and
infiltration are strongly interdependent in soils and
primary indicators for evaluating soil quality in the
agricultural ecosystem (Arshad, Martin, 2002).
Murphy (2015) showed that soil organic matter
(SOM) is a key indicator of soil quality and plays an
important role in enhancing a range of soil physical,
chemical and biological functions. The storage of Corg in
the soil depends on the balance between gains and losses of
carbon. Biotic characteristics such as biomass production
and microbial abundance, mean annual precipitation and
temperature, soil characteristics including texture and
lithology and anthropogenic activities, like land use and
management, influence the processes of SOC storage or
losses. A clear description of the distribution and changes
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of SOC and its factors of control will help predict the
consequences of climate change (Albaladejo et al., 2013).
In the soil ecosystem, SOM serves as a source of major
plant nutrients such as nitrogen, phosphorus and sulphur
(Sarker et al., 2018). The results of Aguilera et al. (2018)
research show that SOM is key for soil fertility and for
mitigation and adaptation to climate change, particularly
in desertification-prone areas.
SOC dynamics are driven by changes in climate
and land cover or land use. In natural ecosystems, the
balance of SOC is determined by the gains through plant
and other organic inputs and losses due to the turnover
of organic matter (Smith et al., 2008). Increase of
technological activities of people and global anthropogenic
change affect SOC dynamics in multiple, often opposing,
ways (Aguilera et al., 2018). Drying and wetting cycles
are important factors controlling SOC dynamics (Jarvis
et al., 2007), but they may have a limited effect on annual
SOC changes (Borken, Matzner, 2009).
Carbon dynamics in cropland soils are a hot
topic in the context of climate change. On the one hand,
SOC is highly sensitive to management practices in
these environments (Aguilera et al., 2013), and soil C
sequestration can offset a large share of the full life cycle
greenhouse gas (GHG) emissions of crop production
(Guardia et al., 2016). SOC mineralization is affected
by the changes in management practices such as tillage,
irrigation and fertilization (Sainju et al., 2013).
The changes in management and climate exerted
strong effects on SOM decomposition rates, which varied
depending on the geographical distribution and specific
agronomic features of each crop management category. In
herbaceous crops with no management changes affecting
decomposition rates humus decomposition rate increased
by 21–34% with the lowest rates for winter cereal crops,
cultivated mainly in a continental Mediterranean climate,
and the highest rates for summer cereals, cultivated
mainly in a temperate climate (Aguilera et al., 2018).
Tillage expansion was the main driver of SOM
loss until the middle of the 20th century, followed by the
decline in soil C inputs during the extensive agriculture
starting in the 1950s, which reduced harvest indices
and weed biomass production. Return of crop residue
started increasing in the 1980s. SOC content in 2008
was 17% (Aguilera et al., 2018). Also, results of this
experiment showed that during the studied period crop
yields increased by 227%, but Ctot exported from the
agroecosystem increased only by 73%, Ntot – by 30% and
soil C inputs – by 20%; therefore, it can be said about
decline in SOM during the 20th century.
González-Sánchez et al. (2012) and Aguilera
et al. (2013) showed that herbaceous perennial crops have
been widely acknowledged as an effective soil C-building
practice under Mediterranean conditions. Switchgrass
production could restore SOC in surface soils. Farina
et al. (2017) found higher SOC values for herbaceous
crops in Southern Italy, which was associated with the
high contribution of cover crops to soil C inputs.
In recent years, there has been increasing interest
in the impact of agricultural management practices on
SOC and nutrient cycling and storage worldwide (Hoyle
et al., 2013; Kopittke et al., 2016). Lai et al. (2018)
investigated the impact of switchgrass management
on soil parameters, including SOC. The results of this
experiment showed that the nitrogen fertilization rate did
not significantly impact on soil parameters (including
SOC) in switchgrass field.
Landscape position significantly influenced soil
parameters in a switchgrass field. The SOC, total nitrogen
(Ntot) and phosphorus (P) contents and SOC stocks at the
footslope position, generally, were significantly higher
than those at the backslope and shoulder positions.
Landscape position with slope can strongly influence both
soil erosion and SOM distribution (Guzman, Al-Kaisi,
2011) and can be beneficial for improving soil properties
(Lai et al., 2018). The SOC and Ntot content at the 0–5-cm

depth showed an increasing trend in switchgrass field.
However, knowledge of how management practices
influence the availability of nutrients for herbaceous
perennial crops’ growth, a key function of SOM, across
diverse managed agro-ecosystems is limited (Hoyle
et al., 2013).
Currently, in Ukraine, many negative factors
affect the soil cover, which leads to such consequences
as soil degradation and decreasing of SOM. According
to the National Report on the State of Environment in
Ukraine (https://mepr.gov.ua/news/31768.html), Ukraine
has about 1 million hectares of marginal: degraded,
unproductive and contaminated, land. Therefore, in
Ukraine, land protection is one of the priorities of state
policy in the field of environmental protection. And
important task is the remediation of degraded lands
restoring the sustainability of agricultural landscapes
and reducing the anthropogenic load on the ecosystem.
Phytoremediation aspects of energy crops use in Ukraine
are described by Kulyk et al. (2019 b) and show that the
removal of marginal lands from cultivation and formation
of energy crops’ phytocenosis on them have the potential
to restore soil quality.
The research was aimed to evaluate the
dynamics of soil organic matter (SOM) in different
types of switchgrass crops and the influence of SOM on
switchgrass productivity.

Materials and methods

An experiment was conducted in 2010–2016
in the central part of the forest-steppe zone of Ukraine
(49°00ʹ36ʺ N; 34°00 ʹ 33ʺ W). The experiment was
performed on a marginal land according to Dospekhov
(1985). The size of the experimental plot was 50.0
m2. The switchgrass (Panicum virgatum L.) cultivar
‘Cave-in-Rock’ was used. The experiment included two
factors. Factor A – type of cropping: 1) sole crops of
switchgrass (Sw) – control; row-spacing was 45 cm that
forms conditions close to optimal for plant growth and
development in the phytocenosis; 2) strip intercropping
of switchgrass and lupine (Sw + strip); crops on one plot
of field with proper, beforehand specified alternation
of rows or separate bands of crops; switchgrass is the
main component and legume is a subsidiary one; seeds
are not mixed and sown separately (by two agronomic
operations); this method of plant cultivation is used for
gaining maximum yield from the area unit with minimal
production costs; 3) mixed intercropping of switchgrass
and lupine (Sw + mix); perform twice-repeated,
independent sowing of crops on the same area; this
sowing method is mainly used for growing feed crops
to obtain high yield of plant mixture. Factor B – years of
switchgrass cultivation (2010–2016).
The information about soil basic properties is
given in Table 1. At the experimental site (0–30 cm
depth), the soil was Haplic Luvisol (WRB, 2014). In the
soil of the experimental plots, the content of soil organic
matter (SOM) and nitrogen (N) was low, phosphorus (P)
content was high, potassium (K) content was medium,
and acidity (pH) was close to neutral.
SOM content was determined by the method
according to DSTU 4289:2004. The method implies
organic carbon (Corg) oxidation with 0.4 normality of the
solution of potassium dichromate (K2Cr2O7), prepared on
concentrated sulphuric acid (H₂SO₄) diluted in water in
ratio 1:1. The amount of oxygen spent on oxidization of
Corg is determined by the difference between the amount
of chromic mixture taken for oxidization and its non-used
excess. Excess of oxygen not spent on humus oxidization is
determined by oxidization of salt of iron oxide (FeO) that
is an ingredient of Mohr’s salt (FeSO4(NH4)2SO4 × 6H2O).
The content of ammonium nitrogen (NH3-N)
was determined by removing NH3-N from the soil with
1% potassium chloride (KCl) solution in ratio 1:10.
Shaking of soil suspension lasted for 1 hour (DSTU ISO/
TS 14256-1:2003).
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Table 1. Description of the topsoil (0–30 cm depth) properties of the experimental field
Property
Soil type
Soil organic matter
NH3-N
P2O5
K2O
Acidity (pH)

The content of mobile P2O5 and K2O was
determined by the method of Machigin according to
DSTU 4114-2002. The method is based on removing
mobile compounds of P and K from the soil with 1%
ammonium carbonate solution (рН = 9.0) with a soil and
solution ratio 1:20 at 25 ± 2°С temperature. Shaking of
soil suspension lasted for 5 minutes. Soil infusion in the
solution lasted for 20 hours. Before determining mobile
P2O5 and K2O, soil extraction was discoloured with

Parameter
%
mg kg-1 dry soil
mg kg-1 dry soil
mg kg-1 dry soil

Haplic Luvisol
3.17
81
139
118
6.8

activated carbon. Phosphorus (P) content was determined
by a colorimetric method. To determine potassium (K)
content, a flame photometer C-115M1 (Ukraine) was
used. Soil samples were prepared for analysis by drying
(t = 25 ± 2°С) and sifting.
The weather conditions of the switchgrass
vegetation period (2010–2016) were favourable
(Figures 1 and 2).

I, II, III – ten-day periods

Figure 1. Air temperature during the switchgrass cultivation years (2010–2016)

I, II, III – ten-day periods

Figure 2. Atmospheric precipitation during the switchgrass cultivation years (2010–2016)
During the experimental period, the average value of
air temperature varied from 14.7°C to 23.7°C and was higher
than the perennial average value; the amount of atmospheric
precipitation was from 14.4 to 26.4 mm. Hydrothermal
coefficient (HTC) varied from 0.7 to 1.2. According to HTC
index, 2011–2013 years were dry, 2015 year was subhumid,
2010, 2014 and 2016 years were moderately humid.
Agricultural operations for switchgrass
cultivation included ploughing (1st ten-day period of
September), spring soil cultivation (1st and 2nd ten-day
periods of April), seeding (3rd ten-day period of April)
and rolling the crop (3rd ten-day period of October). In the
first year of crop establishment, after the emergence of
switchgrass shoots, multirow soil cultivation was carried
out. In the following years, soil cultivation was not carried
out, except for a spring application (2nd ten-day period
of April) of 30 kg ha-1 NH3-N. Pesticides were not used
in the experiment. Seeding of switchgrass was carried
out in the 1st ten-day period of May. The width between

rows was 45 cm in all types of cropping. For seeding
the switchgrass and lupine (Lupinus L.) the seed box of
the drill was divided into sections by metal partitions to
create rows of legume and the grass. The percentage of
switchgrass seeds was 60%, of lupine – 40%. Switchgrass
sowing rate was 300 seeds per 1 m2. The number of seeds
was calculated based on germination, purity of seeds and
recommended number per 1 m2.
The productivity of switchgrass aboveground
mass was determined in the field by complete plot
harvesting (3rd ten-day period of October) at a height
not less than 5 cm. Cutting of the 1-m2 wide plots was
performed by special machines (mowing machine KSN1.4). Average dry matter aboveground mass was determined
by weighing plants and then calculating on a per plant or
per plot basis (Kulyk et al., 2017). Dry biomass yield was
determined by drying 500 g of herbage samples at 105°C
temperature to constant weight. The size of the experiment
plot was 1 m2, four samples were taken diagonally from
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the plot. Lupine yield was not determined. Shoot height
was recorded as the distance from the excised stem to the
panicle. A hundred of shoots were measured to give an
average value per plot. A count of shoot number in rows of
1 m was also made at harvest.
The experimental data were analysed with the
software Statistica, version 6.0 (StatSoft Inc., USA).
Analysis of variance (ANOVA) and correlational
methods of statistical analysis were used for processing
and interpretation of the results.

Results and discussion

Soil organic matter (SOM) content depending
on the year of switchgrass cultivation. The average
content of SOM at the beginning of the experiment was
3.17%, at the end of experiment – 3.26%. During the first
two years of switchgrass cultivation, SOM content was
3.17–3.21%, and increase of index was 0.02–0.04% in
comparison with the control. In the following vegetation
years, SOM content was 3.21–3.29%, and increase of
index was 0.07–0.12% in comparison with the control.
Overall, SOM content increased by 0.09% during 7 years
of switchgrass cultivation.
Statistical analysis confirmed the dependence:

with each year of switchgrass cultivation SOM content
increased (Figure 3).
Based on the results of the experiment, it can
be concluded that multi-year switchgrass management
had the potential to improve SOM content. Significant
differences were proved by ANOVA.
Results of our experiment agree with those of
Jobbágy and Jackson (2000), who showed that due to
perennial life cycle, deep root system and considerable
phytomass, energy crops improve the structures of soils
and favour carbon uptake.
Molatudi et al. (2015) showed the effect of
herbaceous crops on soil moisture, mineral N and C
content of microbial biomass. It has been concluded that
grassland planting has a beneficial effect on soil fertility
in semi-arid regions by reducing NO3-N leaching and
enhancing soil organic carbon. Other authors (Kantola
et al., 2017) found that perennial grasses (switchgrass
and miscanthus) do not require annual tillage and
increase underground biomass, which is important
for accumulation and conservation of SOM. SOM
content increased from 31% to 71% over the 6 years of
monocultures cultivation.
Studies in South Dakota (Liming et al., 2018)

Factor B – year of switchgrass cultivation; Factor A – type of cropping: Sw – sole crops of switchgrass, Sw + strip – strip
intercropping of switchgrass and lupine, Sw + mix – mixed intercropping of switchgrass and lupine

Figure 3. Dynamics of soil organic matter (SOM) content depending on the type of switchgrass cropping and year of
cultivation (2010–2016)
also confirmed that switchgrass is a sustainable energy
crop, which improved and stabilized soil properties
over many years of cultivation. SOM and Ntot content at
the 0–5 cm depth had tendency to increase during the
experimental years (2009–2013). However, the obtained
data indicate that application of N had no effect on soil
properties. Plant residues had an influence on improving
soil properties. Therefore, energy crops can play an
important role in SOM accumulation.
SOM content depending on the type of
switchgrass cultivation. Results of the experiment
showed increase of average value of SOM content under
Sw + strip crop in the range from 3.17% to 3.29%,
substantially less increase of this index with Sw + mix
– to 3.26% and the least increase with Sw – to 3.24%.
Increase of average value of SOM in Sw + strip
crop was caused by formation of more optimal sowing
structure based on plant architectonics (morphological
structure), favourable microclimate and development of
root system for both crops. As a result, nutrient, water
and light regime of soil improved under grain crops
and legumes. Decrease of dynamics of SOM content in
mixed intercropping was related to plant competition and
heterogeneity. Vegetative mass of lupine after the end of
plant vegetation remained in the field every year, which
created an additional source of SOM. The relationship
between the vegetative mass of lupine and SOM content
is a prospect for our further research.
Statistical analysis showed the influence of
type of switchgrass cultivation on SOM content during
perennial cycle (Figure 4).

Factor A – type of cropping; Sw – sole crops of switchgrass,
Sw + strip – strip intercropping of switchgrass and lupine, Sw +
mix – mixed intercropping of switchgrass and lupine

Figure 4. The influence of type of switchgrass cultivation
on soil organic matter (SOM) content
It was established that type of switchgrass
cultivation had more influence on SOM index compared
with year of cultivation. Spring N nutrition started
since the 3rd year of vegetation did not substantially
affect dynamics of SOM content. Thus, the results of
the experiment show that compared to the 1st year of
vegetation SOM content in the 7th year of vegetation in
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Sw + strip crop increased by 0.12%, in Sw + mix – by
0.09% and in Sw – by 0.07% (Figure 1). Such tendency
allows to conclude that switchgrass management in Sw +
strip crop with lupine is an effective way to increase soil
fertility and stability.
Our research data confirmed the findings of
Springer et al. (2001) that showed the effectiveness
of switchgrass growing in combination with other
crops. They studied complementary plant species as
an alternative approach to pasture production. There
were studied 6 monocultures and 15 binary mixtures,
and the effectiveness of switchgrass with legumes was
determined. A combination of these plants the biomass
yield increased to 1360 kg ha-1; the yield of IndiangrassIllinois bundleflower mixtures increased to 1230 kg ha-1.
Perennial crops form a larger root biomass
compared to annual crops, some of which can spread up to
3 m in depth, thereby, releasing more C and N into deeper
soil layers than grain crops (Anderson-Teixeira et al.,
2009). Research data in the south of the United States
has shown that the use of perennial crops can increase
SOM content and improve soil biological properties.
Intercrops increase SOM content, soil microbial biomass
and mineralization of SOM compared to conventional
crop systems (Douf et al., 2013).
SOM content and switchgrass productivity (dry
mass). Switchgrass productivity was measured from the
third year of cultivation; during the experimental period,
it ranged from 1.14 to 1.50 kg m-2 (Figure 5).
A
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Note. Sw – sole crops of switchgrass, Sw + strip – strip
intercropping of switchgrass and lupine, Sw + mix – mixed
intercropping of switchgrass and lupine; different letters show
significant differences within each cultivar; a, b, c – difference
in variants significant according to ANOVA.

Figure 5. Average of switchgrass yield during the
cultivation years (2013–2016)
The lowest value of switchgrass productivity was
in Sw crop – from 0.85 to 1.34 kg m-2, in Sw + strip – from
1.11 to 1.53 kg m-2 and in Sw + mix – from 1.12 to 1.45
kg m-2. The highest index of switchgrass productivity was
in Sw + mix crop – from 1.32 to 1.52 kg m-2 during 5–7
years of cultivation. The differences between treatments
were proved by statistical dependences (Figure 6).
B

Note. Sw – sole crops of switchgrass, Sw + strip – strip intercropping of switchgrass and lupine, Sw + mix – mixed intercropping
of switchgrass and lupine; differences between the variance were <0.05.

Figure 6. The influence of years of switchgrass cultivation (2013–2016) (A) and types of cropping (B) on switchgrass
yield
Difference of switchgrass productivity between by 0.34 kg m-2; for one year of cultivation, switchgrass
Sw + strip and Sw + mix crops was 0.02 kg m-2, between productivity increased by 0.0–0.2 kg m-2.
The results of our experiment showed
Sw + mix and Sw – 0.16 kg m-2 and between Sw + strip
and Sw – 0.18 kg m-2. Therefore, switchgrass cultivation considerable increase of switchgrass productivity and
in Sw + strip with legume component showed high SOM content in switchgrass crops cultivated with a
legume component. This fact was confirmed by the
efficiency compared with Sw crops.
The results of our experiment show that correlation analysis, which proved significant dependence
switchgrass productivity increased over each year of the between switchgrass productivity and SOM content: in
experiment. Generally, during the experimental period, Sw + mix, the correlation coefficient was r = 0.77, in Sw
average value of switchgrass productivity increased + strip – r = 0.58 (Figure 7).

Figure 7. The relationship between switchgrass yield and soil organic matter (SOM) content in sole (Sw) (А), stripe
(Sw + strip) (В) and mixed (Sw + mix) (С) crops
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Therefore, it can be concluded that switchgrass
can be a sustainable energy crop. Switchgrass cultivation
for bioenergy has the potential to improve and stabilize
soil properties over the years. Xu et al. (2019) confirmed
the results of our experiment that switchgrass productivity
depends on SOM content. They suggest that in the
long term, transgenic energy crops can produce more
aboveground and underground biomass and increase
the efficiency of biofuels production and sequestration
of SOC. The authors suggest that aboveground and
underground distribution of C inputs may be useful
for restoration of marginal soil, especially at deeper
soil layers. Therefore, switchgrass can be successfully
cultivated on poor soils and water-restricted areas or
marginal lands.
Quantitative indexes of switchgrass plants. The
results of our experiment show considerable dynamics
of quantitative indexes of switchgrass plants (Figure 8).
Maximum indexes of height of switchgrass plants and
number shoots were observed in Sw + strip crop with
lupine. Significantly lower quantitative indexes of
switchgrass plants were in Sw + mix and Sw crops
compared to Sw + strip.
The height of switchgrass plants was significantly
lower in Sw + mix crop. This can be related to the fact
that lupine plants occupy lower layer of crops and side
rows of switchgrass plants were shady. The plants in the
middle rows were higher than in the side rows. It is the

Note. Sw – sole crops, Sw + strip – stripe crops, Sw + mix
– mixed crops; different letters show significant differences
within each cultivar; a, b, c – difference in variants significant
according to ANOVA.

Figure 8. The height of switchgrass plants (A) and number
of shoots (B) during the cultivation years (2013–2016)

influence of intraspecies competition for light. In this case
the number of shoots in Sw crop was lower than in Sw +
mix. This is the result of intensive growth of root system
and side shoots of switchgrass plants. Switchgrass plants
in Sw + strip were characterized by increasing height and
number of shoots per meter compared with Sw and Sw +
mix crops. The results of the experiment show increase in
the trend of height of plants and number of shoots during
switchgrass cultivation up to 5 years with subsequent
stabilization during 6–7 years.
The statistical analysis showed the strong
correlation (r ≥ 0.7), between biomass productivity
and number of shoots per meter in all variants of crops
(Figure 9).
Figure 10 shows the influence of plant height
and number of shoots on switchgrass productivity in
sole (Sw) crops (d = 0.77 and 0.53). For both indexes,
correlation coefficient was >0.7.
Figure 11 shows different linear correlations
between the number of shoots and switchgrass
productivity in Sw + strip crop (r = 0.69). Plant height had
medium influence on switchgrass productivity (r = 0.31;
d = 0.10). Switchgrass productivity in Sw + mix crop
depended on the number of shoots by 56% and height of
plants by 29% (r = 0.75 and r = 0.54, respectively).
The results of our experiment confirmed that
SOM content does not depend on the height of plants but
is more dependent on the number of shoots. In Sw + strip
and Sw + mix crops, the main factor which had influence
on switchgrass productivity was the number of shoots (r =
0.69 and r = 0.75, respectively). In Sw crops, switchgrass
productivity depended on the number of shoots (r = 0.76)
and plant height (r = 0.88).
Kulyk et al. (2020) showed important influence
of phytocoenosis components on soil and switchgrass
productivity. Miesel et al. (2017) reported a decrease of
switchgrass productivity during harvesting periods due
to physical loss of leaves and inflorescence biomass.
Although N application increased total aboveground
biomass (biomass of leaves and inflorescences), it
was concluded that N application increased shoot and
leaf parameters. The main influence on the formation
switchgrass biomass productivity was that of shoots.
This agrees with the results of our previous research
(Kulyk et al., 2019 a), which determined that from all
components of the plant phytocenosis morphology
structure the number of shoots had the greatest influence
on the switchgrass productivity. This relationship was
ascertained by McLaughlin and Walsh (1998) in the
central and northern Great Plains, USA.
The results of our experiment are in line with
those of Lemus et al. (2008) and Anderson et al. (2013),
who indicated the domination of shoots in the total
switchgrass phytomass. Over time, it can lead to improved
biomass quality due to higher fibre content and lower
N content in shoots. Improvement of biomass quality
facilitates combustion technology and fermentation.

Var1 – height of plants, Var2 – switchgrass yield (A); Var1 – number of shoots, Var2 – switchgrass yield (B); Var1 – height of plants,
Var2 – number of shoots (C)

Figure 9. The correlation between plant height, number of shoots and switchgrass yield in sole (Sw) crops
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C

Var1 – height of plants, Var2 – switchgrass yield (A); Var1 – number of shoots, Var2 – switchgrass yield (B); Var1 – height of plants,
Var2 – number of shoots (C)

Figure 10. The correlation between plant height and number of shoots and switchgrass yield in stripe (Sw + strip) crops
A

B

C

Var1 – height of plants, Var2 – switchgrass yield (A); Var1 – number of shoots, Var2 – switchgrass yield (B); Var1 – height of plants,
Var2 – number of shoots (C)

Figure 11. The correlation between plant height, number of shoots and switchgrass yield in mixed (Sw + mix) crops

Conclusions

1. Soil organic matter (SOM) content depended
on the year of switchgrass vegetation. SOM content
increased with each year of switchgrass cultivation and
confirmed that multi-year cultivation of this plant species
has the potential to improve SOM content.
2. Dynamics of SOM content depended on the
type of switchgrass cropping. Research results showed
that switchgrass cultivation in strip intercropping (Sw
+ strip) with lupine was effective. SOM content in
strip intercropping of switchgrass and lupine (Sw +
strip) increased by 0.12%, in mixed intercropping of
switchgrass and lupine (Sw + mix) – by 0.09% and in
sole crops of switchgrass (Sw) – by 0.07%.
3. Research results showed great increase of
switchgrass productivity and SOM content in switchgrass
crops. This confirms that switchgrass can be a sustainable
energy crop and its cultivation for bioenergy has the potential
to improve and stabilize soil properties over the years.
The results of this experiment may contribute to
cultivation of energy crops on marginal land.
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Dirvožemio organinės medžiagos dinamika Panicum virgatum
vienanariuose pasėliuose ir mišiniuose
A. Taranenko, M. Kulyk, M. Galytska, S. Taranenko, I. Rozhko
Poltavos valstybinės žemės ūkio akademija, Ukraina

Santrauka

Vienas pagrindinių dirvožemio kokybės rodiklių yra dirvožemio organinė medžiaga (DOM), turinti didelę reikšmę
stiprinant įvairias jo fizikines, chemines ir biologines funkcijas žemės ūkio ekosistemoje. Bioenergetikai skirtų
daugiamečių rykštinių sorų auginimas turi potencialą pagerinti ir stabilizuoti nederlingų dirvožemių savybes.
Tyrimo metu siekta įvertinti DOM dinamiką skirtingų tipų rykštinių sorų auginimo sistemose ir įtaką jų
produktyvumui. Eksperimentas atliktas Ukrainos miškų ir stepių zonos centrinėje dalyje esančiame nederlingame
dirvožemyje. Eksperimento metu augintos veislės ‘Cave-in-Rock’ rykštinės soros (Panicum virgatum L.).
Eksperimentą sudarė du veiksniai: A – pasėlių rūšys: 1) vienanaris rykštinės soros pasėlis (Sw, kontrolinis variantas);
2) juostiniu būdu pasėtas rykštinių sorų ir lubinų mišinys (Sw + juostinis); 3) rykštinių sorų ir lubinų mišinys
(Sw + mišinys); B – rykštinių sorų auginimo metai (2010–2016 m.). Nustatyta, kad daugiamečių rykštinių sorų
auginimas gali padidinti DOM kiekį: sorų ir lubinų mišinį pasėjus juostiniu būdu, jos kiekis padidėjo 0,12 %, sorų
ir lubinų mišinyje – 0,09 %, vienanariame pasėlyje – 0,07 %. Didžiausias produktyvumas buvo sorų ir lubinų mišinį
pasėjus juostiniu būdu (nuo 1,11 iki 1,53 kg m-2) ir sorų bei lubinų mišinio (nuo 1,12 iki 1,45 kg m-2), mažiausias
– vienanario pasėlio (nuo 0,85 iki 1,34 kg m-2). Didžiausias sorų produktyvumas nustatytas 5–7 auginimo metais.
Didžiausias augalų aukštis ir ūglių skaičius buvo sorų ir lubinų mišinį pasėjus juostiniu būdu, kituose pasėliuose
– esmingai mažesnis.
Eksperimento rezultatai parodė, kad rykštinių sorų produktyvumas ir DOM kiekis sorų pasėliuose labai padidėjo,
ir patvirtino, kad rykštinė sora gali būti tvarus energinis augalas.
Reikšminiai žodžiai: dirvožemio organinė medžiaga, rykštinės soros pasėlių tipai, rykštinės soros produktyvumas.

