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AGROECOLOGICAL ASPECTS OF RARE ENERGY CROPS
GROWING IN ORDER TO PRODUCE SUSTAINABLE
PLANT BIOMASS

Kulyk M. 1., Taranenko A. O., D’omin D. G., Rozhko I. 1.

INTRODUCTION

Today, the problem of reducing Ukraine’s energy dependence on
nonrenewable energy sources remains unresolved. In fact, Ukraine
imports part of its electricity and gets some from expired nuclear power
plants. Other nonrenewable energy sources derived from natural gas and
oil are mainly imported and produced in short supply in our country.
Besides, renewable energy sources such as alternative energy of plant
resources, solar, wind and geothermal energy are not fully used. Therefore,
the issue of rational use of natural resources remains relevant and
insufficiently studied. This problem needs to be substantiated.

In this regard, it is important to find ways of obtaining cheap
biomaterials from energy crops under current conditions. Because plant
biomass is a good raw material for the production of biofuel, which is an
alternative to fossil fuels. Which in the future will reduce the energy
dependence of European countries, in particular Ukraine. The development
of bioenergy sector will strengthen the economy and create new
employment opportunitiest. The introduction of bioenergy projects will
make it possible to obtain a significant amount of energy from plant raw
materials?. It is necessary to take into account the impact on the
environment: soil fertility, their water and air regimes, biodiversity.
Moreover, the complete cycle from biofuel producer to biofuel consumer
will increase the effectiveness of biomass production and reduce the
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environmental impact . It is necessary to pay attention to the purification
of contaminated soils. In this case energy crops can successfully perform
phytoremediation function. But the areas of contaminated land in Ukraine
are growing every year. This is connected with pesticide load,
unreasonable doses of mineral fertilizers, migration of polutants,
radioactive pollution, etc .

In this publication we made an attempt to give a biological description of
rare energy crops, peculiarities of ecological aspects of their cultivation on
marginal lands in Ukraine. The biological and morphological characteristics
and illustrative material of energy crops from the Poaceae family were given.
Understanding the morphological and biological characteristics and the
relationship between energy crops and environmental conditions will make it
possible to select the optimal elements of their cultivation technology. And
the mutual cultivation of energy crops with different combinations of these
crops in the phytocenosis will increase the yield of biomass as a raw material
for biofuel production

1. The problem prerequisites emergence
and the problem formulation
A large number of scientific works are devoted to the study of energy
crops in the environment of our country: M. V. Roik, V. L. Kurylo,
M. Ya. Humentyk®, O. M. Hanzhenko®, D. B. Rakhmetov’,
D. B. Rakhmetov, O. M. Verhun, and S. O. Rakhmetova®,
H. H. Heletukha, T. A. Zhelezna, O. V. Tryboy®, V. L. Kurylo,

3 Kulyk M. 1., Kurylo V. L., Kalinichenko O. V., Galytska M. A. (2019) Plant
energy resources: agroecological, economic and energy aspects. Monograf. 160 p.

4 Kulyk M., Galytska M., Samoylik M., & Zhornyk, I. (2019) Phytoremediation
aspects of energy crops use in Ukraine. Agrology, vol. 2(1), 65-73. DOI:
https://doi.org/10.32819/2617-6106.2018.14020

5 Poik M. B. EeKTHBHICTh BUPOILYBaHHS BUCOKOTIPOAYKTUBHHX EHEPrEeTHUHHUX
kynsTyp / [M. B. Poik, B. JI. Kypuno, M. . I'ymentux Ta in.] / Bicauk JIpBiBChKOTO
HaLioHaIbHOTO arpapHoro yHisepcutetry. 2011. Ne 15(2). C. 85-90.

6 Kypwio B. JI. Bioenepretnka B YKpaiHi: CTaH Ta IIEPCIEKTHBH PO3BUTKY /
B. JI. Kypuno, M. B. Poik, O. M. I'amxenxko // Bioenepreruka. 2013. Bum. Ne 1. C. 5-10.

7 PaxmeroB JI. b. Mickanryc B Ykpaiui: inTpomykiis, Gionoris, GioeHepretuka /
J. B. Paxmeros, T. O.Illep6akosa, C. /1. Paxmeros. Kuis : ®@itocomionentp, 2015. 158 c.

8 Paxmeros /JI. B. Panicum virgatum L. — mepcneKTUBHMI iHTPOLYLIEHT
y HauionansHoMy OoraniuHOMy cany iMm. M. M. I'pumika HAAH Vkpainm /
J1. b. Paxmeros, O. M. Bepryn, C. O. Paxmerosa // InTpoayxkiist pociun. Bur. 3(63),
2014. C. 4-12, 24.

9 I'eneryxa I'. T. TlepcnieKTHBH BUPOILLYBaHHS T4 BUKOPMCTAHHS €HEPrETUYHHX
KyneTyp B Ykpaini / I'. I'. Tenetyxa, T. A. Xenesna, O. B. Tpuboii. Kuis, 2014. 33 c.
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D. B. Rakhmetov and M. I. Kulyk®, N. V. Pryshliak* and others. The
most widespread energy crops are switchgrass, miscanthus and willow!?.
Indiangrass, big bluestem and sorghum perennial are also of great
scientific interest. But a thorough study of the morphological and
biological characteristics of these crops, their yield potential and energy
productivity in their mutual cultivation has not been given proper
attention. These are the issues we have studied in this publication.
Therefore, the development of bioenergy in Ukraine requires
searching ways to reduce the cost of various types of bio-raw materials in
the economic justification of their production®®. This involves a
comprehensive study of energy crops, as well as the development of
management and logistics of their cultivation on the basis of technical and
economic concepts * %°, It is necessary to upgrade the infrastructure of
territorial communities systematically, to develop processing facilities for
biofuel production. In addition, the involvement of energy service
companies to supply consumers with alternative energy is promising.
The main components of the bioenergy production potential in Ukraine
are primary agricultural residues (cereal straw, corn and sunflower

10 Kypuno B.JI, Paxmeros JI.B., Kymuk M. 1. Biomoriuni ocoGnuBocTi Ta
MOTEHIliaN YPOXKalHHOCTI €HEPreTUYHHUX KYJIBTYP POJIMHH TOHKOHOTOBHX B YMOBax
VYkpaiuu. Bicuux [lonmascvkoi Oepoicasnoi acpaphoi axademii. Bum. 1(88), 2018.
C. 11-17.

1 Kulyk M., Kalynychenko O., Pryshliak N., Pryshliak V. (2020). Efficiency of
using biomass from energy crops for sustainable bioenergy development. Journal of
Environmental Management and Tourism, [S.1.], v. 11, n. 5, p. 1040-1053, aug. 2020.
ISSN 2068-7729 doi: https://doi.org/10.14505//jemt.v11.5(45).02

2 Mickantyc B Vkpaini : KonekTHBHa MOHOTpadis / aBTOPCHKHI KONEKTHB
M. B. Poik, B. M. Cinuenko, O. O. IBamenko, Ta iH. K. : TOB «UII «KommpiaT),
2019. 256 c.

18 Kynuk M. L., Kypuno B. JI., Kaniniuenko O. B. VposkaiiHicTb Ta eHepreTHdHa
e(QeKTHBHICTh BUPOOHMITBA BiJHOBJIIOBAHOI POCIMHHOI CHUPOBMHHM EHEPreTHYHHX
KYJBTYp. Onmumanvhi enepeemuyni cucmemu 3 ypaxyBanHam HAG6HO20 NOMeEHYIAry
8IOH0BTI08AHUX Odicepen eHepeii y Jlicocmeny Ykpainu : konekmusna monozpagis / 3a
3ar. pea. M. L. Kynuka, O. B. Kaniniuenka. [Tonrasa: I1I1 «Actpas», 2019. C. 30-48.

14 Kulyk M. 1., Kurylo V. L., Kalinichenko O. V., Galytska M. A. Plant energy
resources: agroecological, economic and energy aspects. Monograf. 2019. 119 p.

15 TMucapenko I1. B., Kypuno B.JI., Kymuk M.I. Arpobiomaca Ta (iromaca
SHepreTHYHUX KyJNBTYp Ul BUpOOHMITBA OiomanuBa. Po3pobka ma 60ocKonanenns
EHep2eMUUHUX CUCIEM 3 YPAXYBAHHAM HAA6HO20 NOMEHYIANY aNbMEPHAMUBHUX
Odicepen emepeii : konexmusna monocpagia / 3a pep. O.O. Topba, T. O. Yaiiku,
L. O. ScHomn06. I1. : TOB HBII «Ykpmpomropreepsicy, 2017. C. 258-266.

134


https://doi.org/10.14505/jemt.v11.5(45).02

residues, etc.)*® as well as industrial cultivation of energy crops and the
processing of household solid waste®’ 18,

Energy crops are able to provide a significant amount of plant material.
They produce significant yields, which implies a large amount of biomass
for biofuel production each year®®. Moreover, energy crops have a number
of advantages of biomass growing and using (Figure 1).
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Figure 1. Advantages of growing and using biomass of energy crops

Scientists?® identified weather and climate and environmental factors
as the most influential factors in determining the yields and quality of
agricul;[lural products and energy crops, and only afterwards anthropogenic
effects™.

16 Tapanenxko A. O., LloBa IO. A., Cepena M. C., Kysenko JI. 0., CononoBuuk
M. A. Ilortenmian 6GiomMacH BiIXOMiB CITBCHKOTO TOCHOAAPCTBA IJIsi BUPOOHHIITBA
6ioenepreruku B [TonraBebkiii obmacti. Bicauk TTITAA. 2021. Ne 4. C. 142-153.

7 Taranenko, A. O., Kulyk, M. I., & Popov, S. I. (2020). Ahroekolohichne
obgruntuvanniavyroshchuvannia enerhetychnykh kultur. Ekolohichni innovatsii
u pidvyshchenni ekonomichnoi ta prodovolchoi bezpeky Ukrainy: kolektyvna
monohrafiia. Poltava: PP «Astraiax.

18 Morozov, R. V., & Fedorchuk, Ye. M. (2015). Otsinka bioenerhetychnoho
potentsialu roslynnykhvidkhodiv ta enerhetychnykh kultur u silskomu hospodarstvi.
Naukovyi Visnyk Khersonskoho Derzhavnoho Universytetu, 10(3), 111-117.

1% Taranenko, A. O., Kulyk, M. I., & Popov, S. I. (2020). Ahroekolohichne
obgruntuvanniavyroshchuvannia enerhetychnykh kultur. Ekolohichni innovatsii
u pidvyshchenni  ekonomichnoi ta prodovolchoi bezpeky Ukrainy: kolektyvna
monohrafiia. Poltava: PP «Astraiay.

2 Tlonwosuit A. M., Boxko JI. 0. Bmius KIiMaTHY4HUX 3MiH Ha PEXHUM
3BOJIOXKEHHSI BEreTaLIIHOTO Nepioy B YKpaiHi. YKpaiHChKHUII TiApOMETe0pOIOTiuHII
KypHai. 2015. Ne 16. C. 128-139.

21 Korenko, M., Bulgakov, V., Kurylo, V., Kulyk, M., Kainichanko, A., lhnatiev,
Y., & Matusekova, E. (2021). Formation of Crop Yields of Energy Crops Depending
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Increased air temperature and an uneven distribution of rainfall,
characterised by heavy rainfall during the warm season, preventing
efficient moisture storage in the soil and leading to an, increase in the
frequency and intensity of droughts??. As the authors®® point out, the
physical and geographical location of Ukraine greatly determines its rather
complex nature in changing climatic conditions, which causes instability
and crop losses in some years that can be as high as 45-50 %.The
European Green Deal defines a set of measures that will guide EU policy
for the coming years. This relates to climate, energy, biodiversity,
industrial policy, trade, etc®* 2 26:27.28,2

Global greenhouse gas emissions by sector were found to be
distributed as follows: three quarters of emissions come from the energy
sector, almost a fifth from agricultural production, and the remaining 8.4%

on the Soil and Weather Conditions. Acta Technologica Agriculturae, 24(1), 41-47.
doi: 10.2478/ata-2021-0007

2 Tlonwosuit A. M., Boxko JI. 0. Bmius KIiMaTHY4HUX 3MiH Ha PEXHUM
3BOJIOKEHHSI BEereTalliiHOro repioay B YkpaiHi. YKpaiHCbKUii riipoMeTeopooriyHuit
xypHai. 2015. Ne 16. C. 128-139.

2 Binseewkuit 0. B., Binsscbka JI. I'. AHani3 arpo-KIiMaTHYHHMX Ta TPYHTOBMX
ymoB Jlicocremy VYkpaiHM A7 BHPOILYBAaHHS  CLIBCHKOTOCIIOJApCHKMX — Ta
€HepreTHYHUX KyIbTyp. ONTHMAaNbHI eHepreTHYHI CHCTEMH 3 ypaxyBaHHIM HassBHOTO
MOTEHIialy BiJJHOBIIOBAaHHMX JpKepen eHeprii y Jlicocremy YkpaiHM : KOJEKTHBHa
MoHorpadis / 3a 3ar. pen. M. I. Kynuka, O. B. Kaninidenka. [Tonrasa : [TI1 «Actpas»,
2019. C. 7-17.

24 Brodny J., Tutak M. The analysis of similarities between the European Union
countries in terms of the level and structure of the emissions of selected gases and air
pollutants into the atmosphere. Journal of Cleaner Production. 2021. Vol. 279.
N123641. DOI: 10.1016/j.jclepro.2020.123641

% Kardung M., Cingiz K., Costenoble O., Delahaye R. at. al. Development of the
Circular Bioeconomy: Drivers and Indicators. Sustainability. 2021. Vol. 13. Iss. 1.
N413. DOI: 10.3390/su13010413

% QOssewaarde M, Ossewaarde-Lowtoo R. The EU's Green Deal: A Third
Alternative to Green Growth and Degrowth. Sustainability. 2020. Vol. 12. Iss. 23.
N9825. DOI: 10.3390/5u12239825

27 Ronzon T., Piotrowski S., Tamosiunas S., Dammer L., at. al. Developments of
Economic Growth and Employment in Bioeconomy Sectors across the EU.
Sustainability. 2020. Vol. 12. Iss. 11. N4507. DOI: 10.3390/su12114507

28 Scown M.W., Brady M.V., Nicholas K.A. Billions in Misspent EU Agricultural
Subsidies Could Support the Sustainable Development Goals. One Earth. 2020. Vol. 3.
Iss. 2. P. 237-250. DOI: 10.1016/j.oneear.2020.07.011

2 Tsakalidis A., Gkoumas K., Pekar F. Digital Transformation Supporting
Transport Decarbonisation: Technological Developments in EU-Funded Research and
Innovation. Sustainability. 2020. Vol. 12. Iss. 9. N3762. DOI: 10.3390/su12093762
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from industry and waste®, 3. Integrated and innovative approaches are
needed to achieve zero CO? emissions in many sectors. This is particularly
important in the energy and agribusiness sectors. Therefore, to build a low-
carbon economy, Ukraine needs to pay more attention to the development
of renewable energy sources, in particular bioenergy. In this regard, the
development of bioenergy is a prerequisite for solving energy and
environmental challenges and is closely connected to the mitigation of
global climate change.

2. Morphological and biological characteristics and yield potential
of energy crops
Switchgrass (Panicum virgatumL.) is a perennial herbaceous plant of
Poaceae family with a well leafy upright stem (figure 2).

Figure 2. Switchgrass

(Panicum virgatum L.)

%0 Khan Z., Ali S., Umar M., Kirikkaleli D., Jiao Z. L. Consumption-based carbon
emissions and International trade in G7 countries: The role of Environmental
innovation and Renewable energy. Science Of The Total Environment. 2020. VVol. 730.
N138945. DOI: 10.1016/j.scitotenv.2020.138945

31 Neves A., Godina R., Azevedo S. G., Matias J. C. O. A comprehensive review
of industrial symbiosis. Journal Of Cleaner Production. 2019. Vol. 247. N119113.
DOI:10.1016/j.jclepro.2019.119113
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Switchgrass plants reach a height of up to 250 cm. The number of
productive shoots per plant is 12-35. The plants are straight or semi-
branched depending on their shape. The panicles are 30—40 cm long and
20-30 cm wide. The seeds are divided into three groups according to the
weight of 1000 pieces: small seeds up to 1.5 g, medium seeds from 1.5 to
1.8 g, large seeds over1.8 g*2.

The perennial rhizomes of switchgrass can be divided into several parts
during vegetative propagation. Therefore, switchgrass is characterized by
generative and vegetative propagation.

Switchgrass dry phytomass is harvested in late winter — early spring
period on frozen soil provided the stems are dry and low in moisture and
microelements. Yield: above-ground plant phytomass in the period of
panicles emergence is 42-64 t/ha, in flowering period is 42.7-70.2 t/ha;
dry weight is 10-15 t/ha; seed is 500-600 (sometimes up to 1000) kg/ha®,

Herbaceous crops introduced into Ukraine include the following rare
energy crops: indiangrass, big bluestem and sorghum perennial.

Indiangrass (Indiangrass, Sorghastrum nutans, Sorghastrum nutans
L.Nash) is a perennial plant of Poaceae family, with tall (up to 8 m)
upright stems. The minimum depth of root penetration reaches 60—70 cm.
The plants are characterized by rapid growth and development of the
above-ground vegetative mass. The flowering period is from August to
October. The plant is propagated both in generative and vegetative ways
(Figure 3).

Sorghum is used to control soil erosion and is widely used in
landscaping. The plants are tolerant to an extremely wide range of soil
conditions and have a moderate drought and salt tolerance. However, the
plants grow better in deep, well-drained soils with a pH of 4.0-7.8%.

Seeding rate of the single-species crops of indiangrass is 4-5 kg/ha; in
mixtures is10-50%. The duration of indiangrass cultivation on a plot is up

32 Kypwiio B. JL., Paxmeros [I. B., Kymuk M. 1. Bionoriuni oco6nMBOCTi Ta noTeHLian
YPOXKaHOCTI €HEPreTUYHUX KYJIBTYp POIMHN TOHKOHOTOBUX B YMOBaX YKpaiHH. BicHuk
Tonmaecwvkoi deporcasroi acpaproi akadewmii. Bum. 1(88), 2018. C. 11-17.

33 Kypwno B. JI., Kymuk M. 1., Kaniniuerko O. B. EnepreTnuni KynsTypw :
ninpyunuk. [Tonrasa : ITIT «Actpas», 2019. 320 c.

34 Kynuk M. V. DHepreTHueckue KyJIbTYpbl IS OYMIIEHHS TIOYB OT TSKEIBIX
METAJUIOB U TOy4eHHs: onororuina. CoBpeMEHHBIE SHEPro- U pecypcocOeperaronye
SKOJOTHUECKH YCTONHUYMBBIE TEXHOJOTMH U CHCTEMBI CEbCKOXO3IHCTBEHHOTO
NpOU3BOJCTBA : cOOpHUK Hay4d. Tp. / mox pex. H. B. beimosa. Bem. 12. Pszaub :
OI'BOY BO PI'ATY, 2016. C. 364-367.
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to 15 years. It takes two years to obtain the highest yield of biomass per
hectare. Biomass yields of indiangrass are 12—15 t/ha *°.

Figure 3. Indiangrass
(Indiangrass, Sorghastrum nutans (L.) Nash)

Big bluestem (Big Bluestem, Andropogon gerardii Vitman) is
a perennial herbaceous plant. This herb is used to control soil erosion. It
has phytoremediation properties. The natural habitat of big bluestem
phytocenosis is open fields and meadows. Plant height is 1.8-2.5 m; the
minimum root penetration depth is 50 cm (Figure 4).

Figure 4. Big bluestem
(Big Bluestem, Andropogon gerardii Vitman)

35 Henning, J. (1993) Big bluestem, Indiangrass, and switchgrass. Bulletin G4673.
University of Missouri Cooperative Extension. University of Missouri. Columbia, MO.
Internet-resurs. Retrieved from: https://extension.missouri.edu/ publications/g4673
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Big bluestem is used as raw material for the biofuel industry and can
be used as quality livestock feed, improving biodiversity °.

Big bluestem is a drought-tolerant cereal, and it requires sufficient
moisture for seed germination and plant establishment during the initial
periods of growth and development. The plant does not require fertile soils
and is resistant to salinization. The optimum soil acidity is in the range of
a pH 6.0-7.5. The plants are moderately salt-tolerant.

Seeding rates for natural conditions are 4.5-6 kg/ha; in mixture of
10-50%, about 288,000 seeds per kg. The biomass yield is 10-12 t/ha. The
number of years of cultivation on a plot is 12-14; the number of years to
the maximum biomass yield per 1 ha is three years.

Sorghum perennial (Columbus Grass, Sorghum almum Parodi) is
a perennial herbaceous plant of Poaceae family (Figure 5). The crop is
characterized by a high biomass and seed yield, frost-resistance and a well-
established cultivation technology®’.

Figure 5. Sorghum perennial, Columbus grass
(Columbus Grass, Sorghum almum Parodi)

% Paul W. Barnes. Adaptation to Water Stress in the Big Bluestem-Sand
Bluestem Complex. Ecology Vol. 66, No. 6 (Dec., 1985), pp. 1908-1920.
https://doi.org/10.2307/2937387

87 Chable, V., Nuijten, E., Costanzo, A., Goldringer, I., Bocci, R., Oehen, B.,
Rey, F., Fasoula, D., Feher, J., Keskitalo, M., Koller, B., Omirou, M., Mendes-
Moreira, P., Van Frank, G., Kader, A., Jika, N., Mathieu, T., and Adanella Rossi.
(2020). Embedding Cultivated Diversity in Society for Agro-Ecological Transition.
Sustainability, 12, 784. doi:10.3390/su12030784
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The plant height is 2.8-3.5 m; minimum root penetration is 70-80 cm.
Plants are characterized by high drought-resistance and moderate salt
tolerance. Seeding rates of sorghum for natural conditions are 8.5-10
kg/ha; in mixture have not been studied. The biomass yield is 18-20 t/ha.
Number of years of cultivation on a plot is up to 7; the number of years to
the maximum biomass yield per 1 ha is two years®,

Thus, in terms of biology, the energy crops listed above are typical
members of Poaceae family. The plants by their morphological traits are
capable to form a powerful aboveground vegetative mass in 2—3 years of
vegetation with a lifetime of energy plantations of 7 to 15 years. Which
fully corresponds to the criteria of sustainable production of plant biomass
as a raw material for biofuel production. In addition, it was determined
that the biological and adaptive characteristics of energy crops are quite
suitable for cultivation in Ukraine.

3. Environmental aspects of optimising the cultivation
of energy crops

The use of fossil fuels as the main source of energy in recent decades
has had a huge impact on the environment. Meanwhile, the level of CO,
emissions into the atmosphere has increased, significantly contributing to
global warming and climate change®. Therefore, with the depletion of
fossil fuel production, ever-increasing fossil fuel prices and environmental
pollution, it is important to research and implement the use of renewable
energy sources on a national scale.*.

Biomass is a major source of bioenergy. The global trend (2000-2018)
of renewable energy sources shows an increasing share of biomass use for

% Ieomin JI.T., Ilepbax €.10., Kymuxk M.I. Tlorenmian 6iomacu
MAJIOIOIINPEHUX CHEPIeTHYHUX KyJIbTYp. MaTepianu HayKOBO-TIPaKTHYHOT iHTePHET-
koHpepeHii «CyyacHi HampsMH Ta JOCATHEHHS CeJIeKIil 1 HACiHHUITBA
CLIBCBKOTOCTIOAAPCHKUX KynbTyp» / Pen. kon.: Tumenko B. M. (Bimm. pex.) Ta iH.
IMonraBceka nepxaBHa arpapHa axkagemis, 2021. C. 43-47.

39 Peni, D.; Debowski, M.; Stolarski, M. J. Influence of the Fertilization Method
on the Silphium perfoliatum Biomass Composition and Methane Fermentation
Efficiency. Energies 2022, 15, 927. https://doi.org/10.3390/en15030927

40 Paolini, V.; Petracchini, F.; Segreto, M.; Tomassetti, L.; Naja, N.; Cecinato, A.
Environmental impact of biogas: A short review of current knowledge. J. Environ. Sci.
Health A 2018, 53, 899-906. [Google Scholar] [CrossRef] [PubMed]
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energy production®. Thus, since 2000, the percentage of biomass usage
has increased by 13.1% (Figure 7).
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Figure 7. Development of bioenergy in the world #?

Today, energy crop biomass is considered to be a key element in
achieving climate change mitigation. Strategies such as carbon
sequestration and bioenergy with carbon capture and storage (BECCS) are
increasingly developing*3#4,

In terms of sustainable development and environmental management,
the cultivation of energy crops should provide not only an economic but
also a socio-ecological contribution ( biodiversity increase, landscape
aesthetics). In the context of food crisis and increasing demand for
agricultural land, energy crops should be grown on marginal agricultural
land to reduce competition with food crop production.

Cultivation of energy crops must be sustainable within the context of
climate change effects. Planning for these crops should be introduced
systematically, using integral and systematic approaches. Further research
and policy incentives should consider not only the economic potential of
energy crop cultivation, but also environmental issues. Biodiversity, plant

41 Rosch C. & Skarka J. (2008). European Biofuel Policy in a Clobal Context:
Trade-Offs and Strategies. GAIA-ecological perspectives for science and society,
17(4), 378-386.

“Global bioenergy statistics 2020. Retrieved from:
http://www.worldbioenergy.org/uploads/201210%20WBA%20GBS%202020.pdf

43 Karp, A.; Shield, I. Bioenergy from plants and the sustainable yield challenge.
New Phytol. 2008, 179, 15-32. [CrossRef]

4 Canadell, J. G.; Schulze, E. D. Global potential of biospheric carbon
management for climate mitigation. Nat. Commun. 2014, 5, 5282. [CrossRef]
[PubMed]
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fertility and adaptation to climate change as well as social issues for the
area are also included.

All this allows existing agricultural systems to adapt to the changing
world and encourage the development of a more sustainable
bioeconomy™®.

Biomass production of renewable plant material from energy crops
depends on many factors that determine the feasibility of their cultivation.
They also ensure the ecological and energy effectiveness of energy crop
cultivation (Fig. 8).

Factors affecting energy crops cultivation

» Equipment and facilities for cultivation

* Environmental factors

* Social factors

» Natural resources (soils, water), greenhouse effects
« New markets, subsidies, labour force

*» Economy, globalisation, new product

+ Energy needs, new energy sources

» Plants (genetic engineering, breeding)

Figure 8. Factors affecting energy crops cultivation and biomass production

Environmental influences on energy crops cultivation are mainly
reflected in its effect on seed germination and the initial stages of plant
growth. It also affects photosynthesis intensity and the formation and
development of the above-ground vegetative mass, thereby influencing
plant yields. Air temperature and rainfall are key environmental factors.

Changes in temperature can both increase the growing season and
impair plant growth and development. The amount and distribution of
precipitation is generally the most important factor in fluctuating
production levels. Limited water availability during the growing season
can reduce crop yields. Mild and dry winter can have a negative effect and
promote the development of pests and diseases in energy crops
plantations. Heavy snowfalls can lead to lodging of plants during the

45 Moritz Von Cossel, Moritz Wagner, Jan Lask, Elena Magenau, Andrea Bauerle,
Viktoria Von Cossel, Kirsten Warrach-Sagi, Berien Elbersen, Igor Staritsky, Michiel
Van Eupen, Yasir Igbal, Nicolai David Jablonowski, Stefan Happe, Ana Luisa
Fernando, Danilo Scordia, Salvatore Luciano Cosentino, Volker Wulfmeyer, Iris
Lewandowski 1 and Bastian Winkler 1 Prospects of Bioenergy Cropping Systems for
A More Bioeconomy. Social-Ecologically Sound Agronomy 2019, 9, 605;
doi:10.3390/agronomy9100605
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winter period. On the other hand, the cultivation of energy crops can have
its effects on the environment. Possible environmental effects on biomass
can be: water and mineral resources usage, soil quality and erosion, spread
of minerals and pesticides into the soil and groundwater, formation and
use of biomass waste, changes in the existing landscape and biodiversity.

Therefore, in order to achieve balanced cultivation and use of energy
crops as plant material, ecological aspects must be taken into account. To
reduce the pressure on the environment, it is recommended to establish
energy plantations and grow energy crops on marginal lands that have low
fertility, show signs of degradation and require reclamation®®. The
emphasis should be placed on energy-saving agricultural technologies
with minimum use of plant protectants and fertilizers, the use of
mechanical method of weed control in energy crops as an alternative to
chemical weed control. The optimal sowing date of the crop, pre-sowing
preparation of seeds with bio-preparations, and the selection of resistant
varieties to the environmental conditions should be followed.

Positive ecological aspects of growing and using energy crops can be their
use for phytoremediation (cleaning) of soils*’. The cultivation of energy crops
in mutual crops is effective for increasing the biomass productivity, improving
the quality of marginal lands by raising the organic matter content of the soils.
This has been proven by our previous research “,

4. The analysis of existing methods for solving the problem and

formulating a task for the research

The aim of the research is to determine the impact of the diverse
composition of energy crops on the yield and biomass energy productivity.

The object of the research is the yield and energy output of energy
crops biomass depending on the components of agrophytocenoses.

The subject of the research is energy crops: switchgrass, big bluestem,
indiangrass and sorghum perennial, their mutual cultivation in
phytocenosis, and biomass yields.

In the experiment we used general scientific methods and special
methods, namely: field — to determine the interaction of the subject with

46 TIucapenko I1. B., Top6 O. O., Kynmuk M. I, ta in. 2017. HaykoBo-npakTuuni
peKOMeHIaMii 10 BUPOLTYBaHHS CHEPTETUYHUX KYJIBTYpP Ta BHKOPUCTAHHS (iTOMACH.
Ilonraga, 34 c.

47 Kulyk M., Galytska M., Samoylik M. & . Zhornyk. 2019. Phytoremediation
aspects of energy crops use in Ukraine. Agrology. Vol. 2(1). P. 65-73. URL:
https://doi.org/10.32819/2617-6106.2018.14020

48 Taranenko A., Kulyk M., Galytska M., Taranenko S., Rozhkol. 2021.
Dynamics of soil organic matter in Panicum virgatum sole crops and intercrops.
Zemdirbyste-Agriculture. Vol. 108(3): 255-262. DOI: 10.13080/z-a..2021.108.033
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the object of research; weight — to determine the yield of energy crops
biomass, laboratory and analytical — to determine the energy output of
energy crops biomass, calculation —to establish the energy productivity of
crops. Mathematical and statistical analysis of the obtained results
(method of dispersion) was also applied. The analysis determined a
significant difference between the experiment variants according to the
LSD at a 5% level of significance.

The field experiments were established and carried out in accordance
with the requirements of the agronomic research methodology.
Experimental variants combined: Sw — single-species switchgrass crops
(variant 1, control), Sw+lg — mutual crops of switchgrass and indiangrass
(variant 2), Sw+Bb — mutual crops of switchgrass and big bluestem
(variant 3), Sw+Sa — mutual crops of switchgrass and perennial sorghum
(variant 4), Ig+Bb — mutual crops of indiangrass and big bluestem
(variant 5), Ig+Sa — mutual crops of indiangrass and sorghum perennial
(variant 6), Bb+ Sa — mutual crops of big bluestem and perennial sorghum
(variant 7). The variants in each repetition were arranged in a randomised
way (Figure 6).

varb var2 var7 var2
var3 varé varl varb
varl vard vard var3
var7 varb var3 var7
var2 varl varé vard
var6 var7 varb varl
var4d var3 var2 var6
1 repetition 2 repetition 3 repetition 4 repetition

Fig. 6. Arrangement of the variants in the field experiment
Note: Sw —single-species switchgrass crops (varl, control), Sw+Ig —mutual crops
of switchgrass and indiangrass (var2), Sw+Bb — mutual crops of switchgrass and big
bluestem (var3), Sw+Sa — mutual crops of switchgrass and sorghum perennial (var4),
Ig+Bb — mutual crops of indiangrass and big bluestem (var5), Ig+Sa — mutual crops
of indiangrass and sorghum perennial (var6), Bb+ Sa — mutual crops of big bluestem
and sorghum perennial (var7).

In our research, energy crops were counted and analysed according to
generally accepted and specific scientific methods and recommendations
for production®.

4 Kulyk M., Elbersen W. Methods of calculation productivity phytomass for
switchgrass in Ukraine. Poltava, 2012. 10 p.
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Yields of the so-called “raw” (green mass) and “dry” plant biomass of
energy crops were measured at the end of the plant vegetation °.

The effectiveness of energy crop cultivation was assessed using the
author’s methodology °L.

Thus, the establishment and performance of the field experiment was
in accordance with the methodology of scientific research in agronomy.
The laboratory experiment was carried out in accordance with the
scientific guidelines.

5. Results of experiments

Observations of the weather conditions of three years of the research
determined that air temperature and precipitation during the growing
season of energy crops varied within a wide range. The year 2019 was
characterised by average temperatures against a decrease in precipitation
at the end of the summer period. The air temperature increase and even
distribution of precipitation during the spring-summer period was
recorded during 2021 (Figs. 9-11).
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Figure 9. Air temperature and precipitation during the growing season
of energy crops, 2019

50 Kymuk M. L, Paxmetos [I. B., Kypuso B. JI. MeTosvka IpoBeIeHHS MOTBOBHX
Ta JabOpaTOPHUX IOCIIPKeHb 3 HpocoM mpyrtononi6uum (Panicum virgatum L.).
[Tonrasa : PBB ITIAA, 2017. 24 c.

51 Kaninuenxo O. B., Kynuk M. I. Haykosuii TBip «MeTOMUHi 3acaju OLiHKH
CHePreTUYHOi e(EeKTUBHOCTI BHUPOLIYBAaHHS EHEPreTUYHUX KYJIbTYp B yMOBax
Jlicocteny VYkpainmy» (CBiZOUTBO MpPO PEECTpaLild aBTOPCHKOrO IpaBa Ha TBIp
Ne 93177 Bin 18.10.2019).
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of energy crops, 2020
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Figure 11. Air temperature and precipitation during the growing season of

energy crops, 2021

Research of foreign authors determined the effectiveness of growing
energy crops in mutual single-species crops. The ecological effect of
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growing energy crops and increasing of yields®*® and energy
productivity of energy crops® for different growth of vegetative
components in phytocenoses were noted™. Our previous research found a
significant influence of plant biometrics in terms of stem height and
density on the biomass yields of rare energy crops. Sorghum perennial and
switchgrass formed the highest yield of dry biomass. This index was
significantly lower for big bluestem®. Our research also shows that in
single-species crops, 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.
Biomass yields of big bluestem ranged between 4.4 and 9.3 t/ha. Dry
biomass yields of Columbus grass increased from 11.4 t/ha (1% year) to
14.9 t/ha (2" year) and to 18.0 t/ha (3™ year). The model we have
developed for creating artificial phytocenoses allows for reclamation
using energy crops based on agro-ecological monitoring and agronomic
justification for the cultivation of rare energy crops®’.

Based on the results of new original research, it was found that the
mutual cultivation of energy crops optimises the phytocenosis structure
and makes the best use of the marginal land area. This contributes to an

52 McKone, M. J., Lund C. P. and J. M. OiBrien. 1998. Reproductive biology of
two dominant prairie grasses (Andropogon gerardii and Sorghastrum nutans, Poaceae):
male-biased sex allocation in wind-pollinated plants. Am. J. Bot. 85: p. 776-783.

% Weik L., Kaul H.-P., Kiibler E., Aufhammer W. (2002). Grain Yields of
Perennial Grain Crops in Pure and Mixed Stands Journal of Agronomy and Crop
Science. https://doi.org/10.1046/j.1439-037X.2002.00580.x

54 Jungers J. M., Lee R. DeHaan, Kevin J. Betts, Craig C. Sheaffer, and Donald L.
Wyse (2017). Intermediate Wheatgrass Grain and Forage Yield Responses to Nitrogen
Fertilization. Agron. J. 109:462-472. doi:10.2134/agronj2016.07.0438

% Poxko I., Jlbomin M., Kymuk M. BuBueHHs copTiB mpoca IpyTONOAIGHOIO
BITYM3HSHOI Ta I1HO3eMHOI CeNeKIii 3a MPOAYKTHBHICTIO Ta CXOXICTIO HACIHHS.
I'enemukxa ma cenexyis cilbCbKO20CNOOAPCLKUX POCTUH — BI0 MONEKYAU OO COPMY:
marepianu I [nrepHer-koHbepenii momoanx BueHux (M. Kuis, 30 cepmus 2018 p.).
HAAH, CI'l-HHLI, M-Bo arpap. moJiTuku Ta npoa. Ykpainu, Ykp. [H-T ekcrepTusu
copriB pocaun. 2018. C. 23.

% Poxko I 1., Jsomin J.T., Kynuk M. 1. Bniup GioMeTpUYHMX MOKA3HHUKIB
pPOCIIHH Ha BpOKalHHICTH 010MacH IHTPOAYKOBAaHHX MAaJOMOIMIMPEHUX CHEPTeTHYHUX
KyJbTYp. Bicnux Ilonmascekoi Oepoicagnoi acpaproi axademii. 2021. Burm. (2),
C. 114-123. DOI: https://doi.org/10.31210/visnyk2021.02.14

57 Kulyk Maksym, D’omin Dmytro, Rozhko Ilona. Reclamation of marginal lands
using rare energy crops. European vector of development of the modern scientific
researches: collective monograph / edited by authors. 2nd ed. Riga, Latvia : Baltija
Publishing, 2021: 136-157. ISBN: 978-9934-26-077-3 DOI: https://doi.org/10.30525/
978-9934-26-077-3-27
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even distribution of plants in the field plane, more intensive growth and
development of energy crops, shading and weed displacement. Ultimately,
this affects the level of biomass yield of the plant components.

We first determined the yield of different energy crop mixtures by raw
biomass (only harvested from the field). The results show that the yield of
raw biomass varied from 40.4 to 46.6 t/ha in the third vegetation year for
the variants of the experiment (Fig. 12).
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Figure 12. Raw biomass yields from different cultivation variants
of energy crops

Note: Sw — single-species crops of switchgrass (varl, control), Sw+Ig — mutual
crops of switchgrass and indiangrass (var 2), Sw+Bb — mutual crops of switchgrass
and big bluestem (var3), Sw+Sa — mutual crops of switchgrass and sorghum perennial
(var4), Ig+Bb — mutual crops of indiangrass and big bluestem (var5), Ig+Sa — mutual
crops of indiangrass and sorghum perennial (var6), Bb+Sa — mutual crops of big
bluestem and sorghum perennial (var7).

It was found that in comparison with single-species crops of
switchgrass (Sw), the biomass yield significantly increased under mutual
cultivation with other energy crops. Thus, the yield increase in variant 2
(Sw+lg) was 2.9 t/ha, in variant 3 (Sw+Bb) was 1.7 t/ha, in variant 5
(Ig+Bb) was 0.9 t/ha, and in variant 4 (Sw+Sa) was at a level of LSD (least
significant difference)oos (-0.8 t/ha). In all other variants of the
experiment, a significant decrease of wet biomass yield (by 1.9-3.3 t/ha)
was obtained compared to the control.

Moisture content in phytomass, which varied from 28.0 to 29.2% had
a significant impact on dry biomass yield of energy crops by the trait
approximation coefficient (R 0.45) (Fig. 13).
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Figure 13. Moisture content in phytomass (MCP) and dry biomass yield (YDB)
in different variants of energy crops cultivation.

Note: Sw — single-species crops of switchgrass (variant 1, control), Sw+Ig —
mutual crops of switchgrass and indiangrass (variant 2), Sw+Bb — mutual crops of
switchgrass and big bluestem (variant 3), Sw+Sa — mutual crops of switchgrass and
sorghum perennial (variant 4), 1lg+Bb — mutual crops of indiangrass and big bluestem
(variant 5), Ig+Sa — mutual crops of indiangrass and sorghum perennial (variant 6),
Bb+Sa — mutual crops of big bluestem and sorghum perennial (variant 7).

The lowest moisture content was found in the phytomass of mutual
crops of indiangrass and big bluestem (variant 5), switchgrass and
indiangrass (variant 2), switchgrass and big bluestem (variant 3). This
index was the highest in the variants of mutual cultivation of indiangrass
and sorghum perennial (variant 6), big bluestem and sorghum perennial
(variant 7). Other variants had intermediate (average) value of moisture
content in phytomass.

After drying phytomass, its dry matter yield was determined. This
index varied from 11.8 to 13.1 t/ha (Fig. 14).

The variants Sw+lg (0.7 t/ha), Sw+Bb (0.4 t/ha) and Ig+Bb (0.1 t/ha)
provided the greatest yields increase in comparison with the control. At
a level of the standard, yield of dry mass was in the variants: Sw + Sa
(0.7 t/ha), Ig + Sa (-0.1 t/ha), significantly less in the variant Bb +
Sa (0.6 t/ha). After measuring the energy content in dry biomass (in the
range of 16.9 and 17.2 MJ/kg), we calculated the energy productivity of
the crops in different variants of the experiment (Fig. 15).
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Figure 14. Dry biomass yield from different cultivation variants of energy crops

Note: Sw — single-species crops of switchgrass (variant 1, control), Sw+Ig —
mutual crops of switchgrass and indiangrass (variant 2), Sw+Bb — mutual crops of
switchgrass and big bluestem (variant 3), Sw+Sa — mutual crops of switchgrass and
sorghum perennial (variant 4), Ilg+Bb — mutual crops of indiangrass and big bluestem
(variant 5), Ig+Sa — mutual crops of indiangrass and sorghum perennial (variant 6),
Bb+Sa — mutual crops of big bluestem and sorghum perennial (variant 7).
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Figure 15. Energy productivity of crops in different variants of energy
crops cultivation.

Note: Sw — single-species crops of switchgrass (variant 1, control), Sw+lg —
mutual crops of switchgrass and indiangrass (variant 2), Sw+Bb — mutual crops of
switchgrass and big bluestem (variant 3), Sw+Sa — mutual crops of switchgrass and
sorghum perennial (variant 4), 1Ig+Bb — mutual crops of indiangrass and big bluestem
(variant 5), Ig+Sa — mutual crops of indiangrass and sorghum perennial (variant 6),
Bb+Sa — mutual crops of big bluestem and sorghum perennial (variant 7).
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The research results clearly prove that mutual cultivation of
switchgrass and indiangrass (Sw+Ig) in comparison with a single-species
crop (Sw) significantly increases the amount of energy obtained per
hectare by 14.4 GJ/ha, by 8.0 GJ/ha in variant 3 (Sw+Bb) and by 2.9 GJ/ha
in variant 5 (Ig+Bb). Other variants of the experiment with mutual
cultivation of energy crops provided energy productivity at a level of
control, or significantly less.

CONCLUSIONS

The morphometric characteristics of plants of rare energy crops allow
them to form strong stems. This provides the basis for high biomass yields.
In addition, the adaptive properties of energy crops correspond to
Ukrainian conditions. The plants are not demanding to growing
conditions. They are salt resistant, drought resistant and have
phytoremediation properties.

According to the research results, it was found that a high level of yield
of conditionally humid biomass, in comparison with single-species crops
of switchgrass, is formed by mutual crops of switchgrass and indiangrass
(46.6 t/ha), mutual crops of switchgrass and big bluestem (45.4 t/ha),
mutual crops of indiangrass and big bluestem (44.6 t/ha). The yields
obtained on the combined cultivation of switchgrass and sorghum
perennial according to LSDgs were at a control level (42.9 t/ha), while in
the other variants, this index was significantly lower.

The most productive grass mixtures of rare energy crops in terms of
dry biomass yield were identified: switchgrass and indiangrass (13.1 t/ha),
switchgrass and big bluestem (12.8 t/ha), indiangrass and big bluestem
(12.5 t/ha). At a level of the standard, dry matter yield was in the variants
of mutual cultivation of switchgrass and sorghum perennial (variant 4) and
indiangrass and sorghum perennial (variant 6) — received equal indices
(12.3 t/ha). Mutual cultivation of big bluestem and sorghum perennial
provided significantly lower dry biomass yield(11.8t/ha) in comparison
with the control and other variants of the experiment.

Among the studied variants, the highest energy productivity was
provided by mutual crops of switchgrass and indiangrass (224.0 GJ/ha),
switchgrass and big bluestem (217.6 GJ/ha. In the variants of mutual
cultivation of switchgrass and sorghum perennial, indiangrass and big
bluestem, and indiangrass and sorghum perennial, the energy yield was
almost a level of control (211.6-212.5 GJ/ha). The lowest energy yield
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from the field area was obtained in the variants of mutual cultivation of
big bluestem and sorghum perennial.

SUMMARY

The current issue is to find ways of obtaining cheap energy and
additional product from energy crops. This can be achieved by cultivating
known energy crops and studying rare energy crops. Therefore, in order to
determine the impact of the diverse composition of energy crops on
biomass yields and energy productivity, original research was performed
in the forest-steppe conditions of Ukraine.The general scientific and
special methods were used in the research. The experimental variants
combined single-species crops of switchgrass and a diverse co-cultivation
of energy crops: switchgrass, indiangrass, big bluestem and sorghum
perennial.

The results showed that certain mutual crops (Sw+lg, Sw+Bb and
Ig+Bb) can increase the yield of conditionally humid biomass (up to 44.6—
46.6 t/ha) and dry biomass (up to 12.5-13),1 to t/ha). Energy content of
biomass was determined to be between 16.9 and 17.2 MJ/kg, which
depended on moisture content in phytomass at harvest time. The energy
productivity of each experiment variant was calculated. It was found that
the greatest amount of energy can be obtained from mutual cultivation of
switchgrass and indiangrass, switchgrass and big bluestem.
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