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Abstract. The purpose of the paper is to determine the impact of the
species of energy crops on biomass yields and the possibility of their
involvement in the reclamation of contaminated areas. This is especially
important from the point of view of the rational use of land for energy crops
cultivation. Methodology. The research object is the processes of growth
and development of plants, the peculiarities of the yield formation of energy
crops biomass depending on the species traits and growing conditions. The
research subject is the following energy crops: Big Bluestem, Indiangrass
and Columbus Grass as well as the plant biometric indicators, biomass
yield and energy efficiency of biomass production of energy crops
(2016-2020). The results of research showed the variability of biometric
parameters of energy crops. Over the research years, the dry biomass yield
of Indiangrass was 8.9 t/ha in the first year, 10.1 t/ha in the second year
and 14.9 t/ha in the third year, Big Bluestem — varied within 4.4-9.3 t/ha.
Columbus Grass dry biomass increased from 11.4 t/ha (1% year) to 14.9 t/ha
(2" year) to 18.0 t/ha (3" year). The developed model for the creation of
artificial phytocenoses will allow land reclamation using energy crops
based on agroecological monitoring and justification when growing energy
crops. Perennial cultivation of Columbus Grass and Indiangrass provided
the highest coefficient of energy efficiency (at a level or more than 3.0),
which is typical for average efficiency of biomass production. Therefore,
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Indiangrass and Columbus Grass are recommended to be grown in order
to reclaim marginal lands and obtain sustainable plant raw materials.
Big Bluestem is recommended to be grown only as a companion crop of
stand of grass. Furthermore, energy crops must be cultivated on the basis
of ecological and adaptive technology elements, taking into account the
defined territorial conditions. For the conditions of Ukraine, this complex
will make it possible to reduce the negative impact on the environment
as well as to obtain the stable yields of various biomass for its further
processing and energy conversion.

1. Introduction

In the period of a rapid reduction of the world reserves of non-renewable
energy resources, mankind faced the problem of finding alternative energy
sources to satisfy their own needs and the existence of civilization as a whole.
Along with food security, every country strives for energy independence.
Ukraine is no exception; its priority at this stage of development is to find ways
to attract new sources to the fuel and energy complex (FEC) of the country.

In addition, the environmental impact of anthropogenic activities is
increasing and irreversible climate changes are taking place on a planetary
scale. This, in turn, contributes to an increase in the trend of the average
daily air temperature and deterioration of the water regime of soils. Frequent
droughts followed by heavy rains are often observed [1; 2].

Soil and climatic conditions of almost all regions in Ukraine are favorable
for growing perennial energy plants. This is especially true for plants of the
C4 group, which are able to intensively accumulate solar energy during
their growing season. Besides, energy crops are cultivated using a simplified
cultivation technology on marginal lands. Marginal lands are unproductive
lands, not farmland. Energy crops do not require significant application
of fertilizers and pesticides. They prevent soil erosion due to the dense
phytocenosis and strong root system and have phytoremediation properties.
These traits of energy crops contribute to the preservation and improvement
of agro-ecosystems [3—5]. This enables to claim about the reasonability of
growing energy crops on lands taken out of crop rotation. There are from
3 to 5 million hectares of such lands according to statistics in Ukraine [6].

Switchgrass, Miscanthus, Big Bluestem, Indiangrass and Columbus
Grass are the best energy crops for soil reclamation. These plants are
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introduced cereals, have good adaptive properties under the conditions of
Ukraine [7; 8]. They are able to form a significant biomass during a long-
term growing cycle [9; 10]. Therefore, the scientific substantiation of energy
crops cultivation on marginal lands in order to improve the environment is
becoming highly important.

2. Emergence of preconditions
for the research and problem statement

Today, there are various researches on the study of energy crops in Ukraine.
They cover a wide range of issues: environmental, biofuel, breeding and
seed production. Seed material of energy crops is being studied taking into
account the conditions of its cultivation [11]. The agrobiological peculiarities
of yield formation, quality of switchgrass seed [12] and biomass potential of
energy crops are also being investigated [13]. The ways of using energy crops
biomass for biofuel production are being justified as well as the innovative
ways of energy transformation are being developed [14; 15].

Along with rapid development of alternative energy sources in the
world, Ukraine remains a country that only partially meets its own needs.
Our country has little supply of traditional energy resources and has to
import about 65% of energy [16; 17].

Features of natural landscapes and peculiarities of marginal lands
reclamation should be studied in order to create artificial phytocenoses.
This involves further selection of promising plant species and their use as
the components for phytomelioration. There is an urgent need to purify the
soil from various types of contamination [18].

Thus, the experiments of Ukrainian scientists [19] showed that plants of
the Poaceae family, which grow in natural phytocenoses on contaminated
soils, have the potential to be used for soil purification. An innovative way
of soil purification with the help of switchgrass in mutual cultivation with
lupine is proposed in order to solve the problem of soil pollution [20].

The agrotechnological components of the phytocenosis must be improved
to create highly productive energy crops plantations. This involves the use
of energy crops with legumes as the components for phytomelioration [21].

The use of degraded or contaminated land partially solved the problem of
using farmland to obtain vegetable raw materials for energy purposes. The
fast-growing plant species provide the maximum effect of phytoremediation
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on contaminated lands. A variety of energy crops contributes to the
production of biofuels and the cleaning of contaminated areas. Restoration
of functional and ecosystem properties of contaminated lands will return
them to the agricultural use. In the future, energy crops will be able to solve
both energy and environmental problems [22].

It was determined [23; 24] that under the conditions of heavy metal
contamination of the territory of TPP (thermal power plants) ash dumps,
a small group of species belonging to the families Poaceae, Asteraceae
and Apiaceae had the leading positions in the groups. Plants from these
families are highly resistant to heavy metals. A mixture of Columbus grass
(Sorghum almum parodi) + sainfoin showed one of the best indicators in the
phytocenosis restoration.

The list of energy crops suitable for phytocenosis restoration is determined.
They are switchgrass, miscanthus giganteus, sorghum crops, etc. [25].

Mutual cultivation of miscanthus giganteus and lupine (12.2 t/ha)
produced the highest dry biomass yield according to the research conducted
in the Forest-Steppe. This was significantly higher (by 2.9 t/ha) compared
to single-species crops and by 2.4 t/ha more than cultivation with clover and
by 3.5 t/ha more than variants with alfalfa [26].

Researches of A. J. Ashworth, at all. [27] established a positive dynamics
of increasing the sustainability of feed and bio raw materials production on
mutual crops. The dynamics of soil organic matter increase was determined
when switchgrass was cultivated with red clover (Trifolium pratense L.),
hairy vetch (Vicia villosa L.), perennial clover (Trifolium repens L.),
arrowleaf clover (Trifolium vesiculosum L.) and other legumes.

So, the research on environmental issues is of high importance. This is
especially important from the point of view of the rational use of land for
energy crops cultivation.

3. Research aim and tasks
The aim of the research is to determine the impact of the species of
energy crops on biomass yields and the possibility of their involvement in
the reclamation of contaminated areas.
The research tasks are the following:
1. To determine the variability of biometric indicators of energy crops
depending on growing conditions.
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2. To justify the ways of increasing the yield of energy crops biomass.

3. To develop a scheme for the creation of artificial phytocenoses and
land reclamation using energy crops.

The final stage of the research program included determination of energy
efficiency of energy crops, as well as development of a reclamation model.

The research object is the processes of growth and development of
plants, the peculiarities of the yield formation of energy crops biomass
depending on the species traits and growing conditions.

The research subject is the following energy crops: Big Bluestem,
Indiangrass and Columbus Grass as well as the plant biometric indicators
and biomass yield.

During the experiment, we used general scientific methods and special
methods, including: laboratory — to determine the variability of quantitative
indicators of plants (biometric indicators); field — to determine the interaction
between research subject and object; weight — determination of biomass yield
and modeling. Mathematical and statistical analysis of the obtained research
results was also used in order to objectively assess the obtained data.

Field experiments were established in accordance with the requirements
of the research methodology in agronomy [28].

In our research, we carried out observations, accounting and analysis
in accordance with generally accepted and special scientific methods and
recommendations for production [29-31].

Yields of the so-called “raw” (green mass) and “dry” plant biomass were
determined after the end of the growing season. Biomass was harvested
manually from each experimental plot [32; 33].

The research results were analyzed according to statistical and
mathematical methods by the analysis of variance using the computer
program “Statistica-6.0 [34; 35].

Energy evaluation of the effectiveness of energy crops cultivation was
performed according to the author’s methodology [36].

4. Description of rare energy crops
We studied the following energy crops: Indiangrass, Big Bluestem and
Columbus Grass (black).
Indiangrass (Sorghastrum nutans (L.) Nash) [37] is a native perennial
grass that is used to prevent erosion, to landscape territories and provide
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food and shelter for wildlife. |
Indiangrass is a warm-season cereal
in the tallgrass prairie ecosystem i
of North America. The natural
habitat of plants is open fields and
meadows. Plant height is 1.8-3.2 m;
the minimum depth of root
penetration is 60-70 cm (Figure 1).

Indiangrass plants are adapted
to soils with deep moisture, ranging
from heavy loamy and loamy sands
with a pH range of 4.8 to 8.0.
It has a medium resistance to salinity
and drought, adapted to periodic
burning, and survives, sprouting
from underground rhizomes
(rhizome). Yield of Indiangrass biomass reaches up to 12-15 t/ha.

The seeding rate of Indiangrass for natural conditions is 4-5 kg/ha; in a
mixture of 10-50% is about 350,000 seeds per 1 kg. The number of years
of cultivation on the plot is up to 15; the number of years to the maximum
biomass yield from 1 ha is three years. This plant can become invasive in
some regions or habitats and can displace desired vegetation if not managed
properly [38].

Big Bluestem ( Andropogon gerardii Vitman) is a perennial grass that is
used for erosion control. It grows in sand and gravel quarries, in mountain
quarries and on roadsides. Big Bluestem is used as a raw material for the
production of biofuels and can be used as quality forage for livestock.
The grass improves biodiversity [39].

Big Bluestem is one of the most common species in the tallgrass
prairie ecosystem of North America. The natural habitat of Big Bluestem
phytocenoses is open fields and meadows. Plant height is 1.8-2.5 m;
the minimum depth of root penetration is 50 cm [40], Figure 2

Big Bluestem is tolerant to a wide range of soil conditions and moisture
levels; it has high drought resistance and moderate salt tolerance. Seeding
rate for natural conditions is 4.5-6 kg/ha; in a mixture of 10-50% is
288,000 seeds per 1 kg. Biomass yield is 10-12 t/ha. The number of years of

Figure 1. Indiangrass
(Sorghastrum nutans (L.) Nash)
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gerardii Vitman)

Figure 3. Columbus Grass
(Columbus Grass,
Sorghum almum Parodi)
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Figure 2. Big Bluestem
(Big Bluestem, Andropogon

cultivation on the plot is 12-14; the
number of years to the maximum
biomass yield from 1 ha is three
years [42].

Big Bluestem for biofuels
should be harvested in autumn to
minimize the loss of dry biomass,
as it tends to lodge during winter.
Some studies showed that Big
Bluestem biomass has lower ash
content than other specialized

| energy crops [43].

Columbus  Grass  (Sorghum
almum Parodi) is a frost resistant
crop that provides high biomass
and seed yields and has a proven
cultivation technology [44]. Plant
heightis 2.8-3.5 m; minimum depth
of root penetration is 70-80 cm;
high drought resistance; moderate
salt tolerance [45], Figure 3.

Seeding rate of sorghum for
natural conditions is 8.5-10 kg/ha;
in a mixture has not been studied.
Biomass yield is 18-20 t/ha. The
number of years of cultivation on
the plot is up to 7; the number of

| years to the maximum biomass

yield from 1 ha is two years [46].
Organogenesis stages of energy

& crops of the Poaceae family. It is

established that the studied energy
crops are perennial plants that go
through all stages of growth and
development in more than one
calendar year. The phenological
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phases of growth and development of such crops are similar: germination,
tillering of plants, stem elongation, panicle formation, flowering, formation
and maturation of seeds, the end of the growing season [47]. The growing
season of energy crops are divided into 3 main stages, the duration of each
is different and has its own characteristics. “The first stage, also called the
stage of vegetative growth” is a period from germination to the beginning
of the formation of generative organs on the stem (panicles, caryopsis).
“The second stage, called the reproductive one” lasts from the time the
panicles appear at the top of the stem until flowering. “The third stage,
which is called “grain filling” lasts from plants flowering to the completion
of dry matter accumulation in the caryopsis [48].

Energy crops (Sorghastrum nutans, Indiangrass and Columbus Grass)
belong to the C4 group. These are typical warm-season, heat- and drought-
resistant plants. The seeds germinate at a temperature of 10-12°C.
The minimum and critical soil temperature for seedlings is at or below 0 °C.
The maximum temperature for the vegetation of these crops is 30-35 °C;
they even can withstand heat up to 40 °C [49; 50].

5. Formation of biometric indicators of energy crops
Over the research years (2016-2020), significant variability of plant
biometric indicators was established for energy crops cultivation on
marginal soils. This characteristic was manifested in indicators of height
and density of stems (Tables 1-2, Figures 1-2).

Table 1
Plant height of energy crops (cm), 2016-2020
Year of vegetation (factor B)
Energy crop
(factor A) ! 11 11 Average
(2016-2018) | (2017-2019) | (2018-2020)
Indiangrass 111.5 163.4 155.7 143.5
Big Bluestem 37.3 72.5 91.1 67.0
Columbus Grass 115.9 207.4 237.9 187.1
Year average 88.2 147.8 161.6 132.5
LSD 05 (factor A) 24.5 17.3 20.1 18.8
LSD 05 (factor B) - - - 25.7
LSDOS (factor A and B) - - - 16.4
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Height of Indiangrass plants varied from 111.5 cm (in the first year of
vegetation) to 155.7 cm (in the third year of vegetation). In the second year
of crop life, height of the stems reached to 163.4 cm on average. As a result,
the average height of plants over three years was 143.5 cm.

Energy crop Big Bluestem showed slightly lower indicators of stem
height. The trend of increasing height of Big Bluestem plants reached
indicators from 37.3 cm in the first year to 91.1 cm in the third year of
vegetation. The annual increase in linear growth of plants ranged from
18.6 to 35.3 cm.

Columbus Grass plants showed a significant increase in plant height —
by 30.5 — 91.5 cm. Over the years of research, height of stems varied from
115.9 t0 237.9 cm.

The density of stems of energy crops varied from 0.5 to 2.2 million pcs/ha
(Table 2).

Table 2
The density of stems of energy crops (million pcs/ha), 20162020

Year of vegetation (factor B)
Energy crop (factor A) 1 11 111 Average
(2016-2018) | (2017-2019) | (2018-2020)
Indiangrass 0.9 1.4 2.2 1.5
Big Bluestem 0.5 0.7 0.8 0.7
Columbus Grass 1.4 2.0 2.2 1.9
Year average 0.9 1.4 1.7 1.3
LSD 05 (factor A) 0.2 0.3 0.3 0.2
LSD 05 (factor B) - - - 0.3
LSD 05 (factor A and B) - - - 0.2

The density of stems of Indiangrass plants ranged from 0.9 (in the first year
of vegetation) to 2.2 million pcs/ha (in the third year). In the second year of the
crops life, the stem density averaged 1.4 million pcs/ha. As a result, the average
plant density for three years was 1.5 million pcs/ha. There is a tendency of
annual growth of stem density by 0.5-0.8 million plants per 1 hectare.

Big Bluestem showed significantly lower indicators of stem density. The
increase of Big Bluestem plant density during the growing season was from
0.5 in the first year to 0.8 million pcs/ha in the third growing year, and
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0.7 million pcs/ha was in the second growing season. The annual increase
in the number of plants ranged from 0.1 to 0.2 million pcs/ha.

For the Columbus Grass phytocenosis, a significant overcrowding of
crops was established — from 1.4 to 2.2 million pcs/ha with the annual
increase of this indicator from 0.2 to 0.6 million pcs/ha.

On average over the research years, height of Indiangrass (187.1 cm)
and Columbus Grass (143.5 cm) plants was the largest, Big Bluestem plants
were the lowest (67.0 cm). According to the indicator of stem density, we
received the following results: 1.9; 1.5 and 0.7 million pcs/ha, respectively
by crops (Figure 4).

So, Indiangrass and Columbus Grass were distinguished according to
the quantitative indicators of plants (stem height and density).
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1 200 s
100 0,8 150 ’
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Indiangrass Big Columbus ~ Avarge
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Bluestem  Grass
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Figure 4. Height and stem density of energy crops over
the research years and on average, 2016-2020
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6. Yield of energy crops biomass
Species characteristics, along with quantitative indicators of energy
crops affected yield of biomass obtained from the field (Table 3).

Table 3
Yield of raw biomass of energy crops (t/ha), 20162020
Year of vegetation (factor B)
Energy crop (factor A) I I 11 Average
(2016-2018) | (2017-2019) | (2018-2020)

Indiangrass 10.1 12.1 16.2 12.8
Big Bluestem 53 9.4 10.7 8.5
Columbus Grass 13.2 19.4 26.0 19.5
Year average 9.5 13.6 17.6 13.6
LSD 05 (factor A) 1.7 2.5 6.5 5.1
LSD 05 (factor B) - - - 4.2
LSD 05 (factor A and B) - - - 2.0

Over the research years, an increase in the trend of “raw” (green)
biomass of Indiangrass from 10.1 to 16.2 t/ha, on average to 12.8 t/ha was
observed. The annual biomass growth reached from 2.0 to 4.1 t/ha.

Big Bluestem produced low yields of both green and dry biomass. Over
the research years, an increase in the trend of “raw” (green) biomass from
3.3 to 10.7 t/ha was noted. The annual biomass growth reached from 1.3 to
4.1 t/ha.

Over the research years, the yields of Columbus Grass green mass
increased from 9.5 to 17.6 t/ha. The annual stable growth of green biomass
in the second vegetation year was 4.1 t/ha compared to the first year, and
in the third vegetation year at a level of 4.0 t/ha in comparison to the
second year. Taking into account the moisture content in the aboveground
vegetative phytomass, the dry matter content and biomass yield of energy
crops were determined (Table 4).

Over the research years, the dry biomass yield of Indiangrass was 8.9 t/ha
in the first year, 10.1 t/ha in the second year and 14.9 t/ha in the third year,
11.3 t/ha was on average over the years.

The yield of Big Bluestem dry biomass in the first year was 4.4 t/ha,
8.3 t/ha was in the second year and 9.3 t/ha was in the third year, 7.3 t/ha
was on average over the years.
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Table 4
Yield of dry biomass of energy crops (t’ha), 2016-2020

Year of vegetation (factor B)
Energy crop
(factor A) 1 11 11 Average
(2016-2018) | (2017-2019) | (2018-2020)
Indiangrass 8.9 10.1 14.9 11.3
Big Bluestem 4.4 8.3 9.3 7.3
Columbus Grass 11.4 14.9 18.0 14.8
Year average 8.2 11.1 14.1 11.1
LSDOS (factor A) 2.1 1.3 3.5 2.4
LSDOS (factor B) - - - 2.1
LSDO5 (factor A and B) - - - 1.8

Over the research years, the yield of Columbus Grass dry biomass
increased from 11.4 t/ha (1% year) to 14.9 t/ha (2" year) to 18.0 t/ha
(3"year). This indicator averaged 14.8 t/ha over the years.

Columbus Grass produced the highest biomass yields, this indicator
of Indiangrass was slightly lower, and Big Bluestem produced the lowest
yields (Figure 5).

So, Columbus Grass produced the highest yield of both raw and dry
biomass and Big Bluestem produced the lowest one during their long-
term cultivation. Indiangrass had an intermediate (medium) value of this
indicator.

7. Model of artificial phytocenoses of energy crops

We have modeled the component structure of energy plantation of
energy crops to involve herbaceous energy crops in the phytocenosis.

The scheme for creating artificial phytocenoses and land reclamation
using energy crops should be as follows (Figure 6).

The structure of sown areas provides for the placement of several strips
of companion crops of energy plants (legumes are placed in row-spacing)
on marginal lands. A field-protective belt with energy crops is laid along the
perimeter of the field (Columbus Grass and Big Bluestem in combination).
This achieves a semi-blown construction of the phytocenosis — the middle
layer is occupied by Columbus Grass and the lower one is occupied by Big
Bluestem. In this case, the maximum effect is achieved: the water regime of
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Figure S. Yield of raw and dry biomass of energy crops,
over the research years and on average, 20162020
Note: Y1 —yield of raw biomass, t/ha; Y2 — yield of dry biomass, t/ha

the field is improved (due to the retention of snow in winter), and air flows
do not blow the top layer of soil out of the field.

The application of this scheme will result in reasonable development
of agricultural techniques for biological reclamation of disturbed lands
(ecological and adaptive elements of cultivation technology). These
elements of agricultural technology include: various tillage practices,
landscaping, preparation of seeds and planting material. The agronomic
justification of energy crops sowing according to the developed scheme is
important as well. Proper calculation of the seeding rates of seed or planting
material will ensure the planned density of stems. Finally, after crops care,
biomass is harvested.

148



Chapter «Agricultural sciences»

e N
Study the peculiarities of plot for
reclamation Approbation of the chosen model in
- l ~ laboratory and vegetative
experiments
i 2 N P J
Selection of energy crops and l
development of phytocenoses - N
model Establishment of energy crops
\_ ) phytocenosis on the marginal lands
AN J
[ Cultivation and harvesting ]
[ Processing and usage ]
[ Energy generation ]

Figure 6. The scheme for creating artificial phytocenoses
and land reclamation using energy crops

Therefore, to create artificial phytocenoses of energy crops, it is
necessary:

—to study thoroughly the features of the plot for recultivation: landscape,
agrochemical parameters of the soil, natural vegetation, etc.

—to select plants taking into account their compatibility in grass mixtures
on the basis of laboratory and vegetation experiments,

— to place energy crops on the plot in strips together with legumes
according to the developed model of phytocenoses,

—to place woody and herbaceous crops along the perimeter of the energy
plantation. They will protect the main crops from the wind.

Thus, study and selection of energy plants for the creation of artificial
phytocenoses with subsequent cultivation on reclaimed lands must be
carried out on the basis of agri-environmental monitoring and justification.
Furthermore, energy crops must be cultivated on the basis of ecological and
adaptive technology elements, taking into account the defined territorial
conditions. For the conditions of Ukraine, this complex will make it
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possible to reduce the negative impact on the environment as well as to
obtain the stable yields of various biomass for its further processing and
energy conversion.

8. Energy assessment of energy crops cultivation

We used the appropriate methodology in order to perform energy
assessment of the efficiency of energy crops cultivation. The methodology
included the following indicators: B — biomass yield, t/ha; B, — output of
solid biofuel, t/ha; E , — energy output, GJ/ha; Etot — total energy resource
expenditures per 1 ha of crops, GJ/ha; EIT — energy intensity of production
technology, GJ/t; C,, — energy efficiency coefficient [65]. The energy intensity
of energy crops biomass at a level of 16.5 MJ/kg was taken into account.

Energy efficiency of biomass production of studied energy crops is
given in table 5.

Table 5
Energy efficiency of biomass production of energy crops, 20162020
Crop Year Yield, Indicators
t/ha B, L0 Lo EIT Ce.
1 8.9 9.8 161.5 56.9 5.8 2.8
Indiangrass 2 10.1 11.1 183.3 57.7 5.2 3.2
3 14.9 16.4 270.4 62.4 3.8 4.3
. 1 4.4 4.8 79.9 62.6 12.9 1.3
Big 2 8.3 9.1 1506 | 59.5 6.5 25
Bluestem

3 9.3 10.2 168.8 66.8 6.5 2.5
1 11.4 12.5 206.9 67.9 5.4 3.0
columbus |77 149 | 164 | 2704 | 607 | 37 45
3 18.0 19.8 326.7 68.5 3.5 4.8

*Note: B, — output of solid biofuel, t/ha; E_,— energy output, GJ/ha; E,, — total energy

resource expenditures per 1 ha of crops, GJ/ha; EIT — energy intensity of production
technology, GJ/t; C,, — energy efficiency coefficient.

The accumulation of total energy in products in an amount equal to or
exceeding a level of total energy costs for production is a criterion of energy
efficiency of biomass production. The threshold value of energy efficiency
is achieved when the coefficient of energy efficiency is equal to or exceeds
1.0, which is an increase (Figure 7).
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Figure 7. Coefficient of energy efficiency of growing energy crops:
Indiangrass (a), Big Bluestem (b), Columbus Grass (c), 2016-2020

It is established that the coefficient of energy efficiency of biomass
production of energy crops varied from 1.3 to 4.8 over the years of research.
Accordingly, the increase for Kee was from 0.3 to 3.8. The coefficient of
Indiangrass exceeded 3.0 from the second year, Columbus Grass coefficient
from the first year, which is typical for the average efficiency of biomass
production. Kee of Big Bluestem did not exceed 2.5 over the research years.

Taking into account the results of energy efficiency, we can recommend
Indiangrass and Columbus Grass to be used for soil reclamation. Cultivation
of these types of energy crops will enable farms to steadily obtain plant
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biomass and produce biofuel. It also provides an opportunity to earn
extra income, as a result — payrise and improvement of workers welfare.
In addition, this implies a gradual reduction of energy dependence of
territorial communities.

By increasing the energy efficiency of energy crops biomass (Indiangrass
and Columbus Grass), the average level of energy efficiency of biomass
production is achieved. That is, their cultivation on marginal lands, taking
into account the developed model, will reduce energy consumption, will
enable to stabilize ecology and obtain the stable yields of plant biomass for
its further processing and energy conversion.

9. Conclusions

1. In terms of plant height, Columbus Grass (187.1 cm) and Indiangrass
(143.5 cm) were distinguished among all the studied energy crops, Big
Bluestem had the lowest value (67.0 cm) according to this indicator.

2. Indiangrass (1.5 million units/ha) and Columbus Grass (1.9 million
units/ha) provided the highest indicator of density of stems over the research
years. The lowest indicator (0.7 million units/ha) was determined in Big
Bluestem crop.

3. Over the research years, an increase in the trend of “raw” (green)
biomass of Indiangrass from 10.1 to 16.2 t/ha was noted and “dry” biomass
from 8.9 to 14.9 t/ha was determined. This trend of perennial sorghum
was from 13.2 to 26.0 t/ha and from 11.4 to 18.0 t/ha, respectively. The
variation of these indicators of Big Bluestem was the lowest: the yield of
“raw” (green) biomass was from 5.3 to 10.7 t/ha, “dry” biomass — from
4.4 10 9.3 t/ha.

4. The developed model for the creation of artificial phytocenoses
will allow land reclamation using energy crops based on agroecological
monitoring and justification.

5. Cultivation of Columbus Grass and Indiangrass provided the highest
coefficient of energy efficiency (at a level or more than 3.0), which is typical
for average efficiency of biomass production.

Indiangrass and Columbus Grass are recommended to be grown in
order to reclaim marginal lands and obtain sustainable plant raw materials.
Big Bluestem is recommended to be grown only as a companion crop of
stand of grass. The cultivation of energy crops on marginal lands must be
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carried out on the basis of ecological and adaptive technology elements,
taking into account the defined territorial conditions. The proposed model
for the creation of artificial phytocenoses will enable to stabilize ecology
and simultaneously obtain the stable yields of plant biomass for its further
processing and energy conversion.
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