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ENERGY PRODUCTIVITY OF COMMON BICOLOR SORGHUM (SORGHUM BICOLOR (L.) MOENH)
AND SORYZ (SORGHUM ORYSOIDUM) DEPENDING ON SEEDING RATES

L. A. Pravdyva
The Institute of Bioenergy Crops and Sugar Beet of NAAS, 25 Klinichna St., Kyiv, 03141, Ukraine

Topicality. Recently, attention is being increasingly focused on the search for energy resources produced
from renewable energy sources, namely from plant raw materials. There are increasingly relevant studies on the
influence of elements of cultivation technology, in particular, seeding rates, on the formation of productivity of
common bicolor sorghum and soryz used for biofuel production. There are increasingly relevant studies on the
influence of elements of cultivation technology, in particular, seeding rates, on the formation of productivity of
common bicolor sorghum and soryz used for biofuel production. In the eastern Forest-Steppe of Ukraine, the
productivity of these crops largely depends on the variety, environmental conditions and elements of cultivation
technology. Optimisation of seeding rates is one of the ways to increase grain and biomass yield and biofuel and
energy output. Purpose. Our research aimed to determine the impact of sowing rates on the energy productivity
of common bicolor sorghum and soryz in the conditions of the eastern Forest Steppe of Ukraine. Methods. In
2016-2020, the research was carried out at the Ivanivka Research and Breeding Station of the Institute of Bio-
energy Crops and Sugar Beet of NAAS in the unstable moisture zone of the eastern Forest-Steppe of Ukraine The
experimental design included: factor A — varieties Dniprovskyi 39 (common bicolor sorghum) and Samaran 6
(soryz); factor B — seeding rates: 1) 150 ths. seeds/ha; 2) 200 ths. seeds/ha; 250 ths. seeds/ha. Results. It was
found that the different seeding rates have an impact on grain and biomass yield of sorghum and soryz, respec-
tively, and on the estimated yield of bioethanol from grain, solid fuel yield from aboveground mass and total
energy output. The maximum grain and biomass yield was obtained at a seeding rate of 200 ths. seeds/ha and
was 6.8 and 39.2 t/ha for common bicoloured sorghum of Dniprovskyi 39 variety and 5.9 and 36.1 t/ha for soryz
of Samaran 6 variety. Conclusions. Dniprovskyi 39 variety provided the highest output of bioethanol (2.24 t/ha)
and energy (56.04 GJ/ha), and Samaran 6 variety — 1.95 t/ha and 48.63 GJ/ha, respectively. Sorghum has the
highest output of solid fuel and energy — 9.06 t/ha and 147.6 GJ/ha, and soryz — 8.34 t/ha and 135.93 GJ/ha,
respectively. For the production of biofuel and energy resources, the cultivation of common bicolor sorghum
with a seeding rate of 200 ths. seeds/ha is more efficient.
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Introduction. In recent years, the search for
new pollution-free energy sources from renewa-
ble raw materials for use as fuel has become in-
creasingly important due to the deterioration of
the environmental situation. Today, many coun-
tries in North and South America, as well as in
Europe and Asia, are solving energy problems by
producing biofuels of plant origin [1].

In Ukraine, agriculture plays a leading role
in ensuring food and energy security of the coun-
try due to its bioenergy potential. However, de-
spite the significant availability of agricultural
biomass, the agricultural sector demonstrates slow
development of enterprises and production of fi-
nal products in the form of biofuels. Implementa-
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tion of the bioenergy potential of agriculture is
one of the components of sustainable develop-
ment [2].

Development of renewable energy sources,
in particular, bioenergy production, which will
have a high economic and energy as well as envi-
ronmental impact, is an important task for many
countries [3].

The use of first-generation feedstock for
biofuel production is being opposed by NGOs and
government institutions in a number of countries,
motivated by the possible competition between
food and fuel and the negative impact on food
security. Finding the most cost-effective strategies
that ensure food and energy security is an impor-
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tant task for any country [4].

According to the Energy strategy of Ukra-
ine for the period up to 2030 approved by Order
of the Cabinet of Ministers of. Ukraine No. 145-p
dd. 15.03.2006, the energy utilisation of all types
of biomass is capable of replacing fossil fuels (9.2
million tonnes of equivalent fuel) annually, in-
cluding through processing of agricultural resi-
dues, in particular, straw (2.9 million tonnes of
equivalent fuel), firewood and wood waste (1.6);
peat (0.6), municipal solid waste (1.1), biogas
production (1.3) and production of fuel ethanol
and biodiesel (1.8 million tonnes of equivalent
fuel) [5].

Given that our world has largely depleted
natural fuel resources, their consumption is both
environmentally and economically unprofitable.
Therefore, humanity faces the need and oppor-
tunity to harness renewable energy accumulated
by plants, i.e. bioenergy [6].

Common bicolor sorghum (Sorghum bico-
lor (L.) Moenh) and soryz (Sorghum orysoidum)
are promising energy crops for biofuels, namely
bioethanol (ethyl alcohol as an additive to petrol)
and solid biofuels (briquettes and pellets). There-
fore, the study of the elements of technology for
growing these crops in the eastern part of the For-
est-Steppe of Ukraine is relevant.

Sorghum is a high-energy crop adapted for
cultivation in Ukraine due to its high photosyn-
thetic potential and drought tolerance, as well as
its low water consumption and high starch content
in its grain [7, 8].

Numerous scientists have studied the ele-
ments of sorghum cultivation technology [9-14],
however, the issue of optimal seeding rates for
energy purposes requires detailed research.

The purpose of the research was to deter-
mine the influence of seeding rates on the energy
productivity of common bicolor sorghum and so-
ryz in the eastern part of the Forest-Steppe of
Ukraine.

Materials and Methods. In 2016-2020, the
research was carried out at the lvanivka Research
and Breeding Station of the Institute of Bioenergy
Crops and Sugar Beet of NAAS in the unstable
an important factor that regulates plant assimila-
tion of nutrients, moisture, light consumption
and the assimilation intensity, and the formation
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moisture zone of the eastern part of the Forest-
Steppe of Ukraine.

The experimental design included: varieties
(factor A): Dniprovskyi 39 (common bicolor sor-
ghum) and Samaran 6 (soryz), and seeding rates
(factor B): 1) 150 ths. seeds/ha; 2) 200 ths. seeds/ha;
250 ths. seeds/ha.

The area of the sowing plot was 50 m?, the
record plot was 30 m?, and the experiment was
repeated four times. The experiment was laid out
by the method of systematic repetitions, i.e. in
each repetition; the experimental variants were
placed sequentially in the plots. Sowing was car-
ried out in May at a depth of 4-6 cm, row spacing
was 45 cm.

The soil is typical slightly alkalinized heavy
loamy chernozem. The agrochemical parameters
of the arable layer (0-30 cm) were as follows:
humus content was 4.5-4.7 % (according to Tiu-
rin); pH was 7.2-7.4; alkaline hydrolysed nitro-
gen was 180 mg/kg of soil; P,Os was 19—
20 mg/kg; K,O was 100-110 mg/kg of soil (ac-
cording to Machigin). The absorption capacity of
exchangeable cations is 26-31 mg-eq. per 100 g
of soil.

Over the years of the study, meteorological
conditions were typical for the area, but had some
deviations from the long-term average. The high-
est temperature was observed in 2018, which was
3.5 °C higher than long-term data. In 2016, 2017,
2019, and 2020, the air temperature was 1.8—
2.4°C higher than the long-term average. The
amount of precipitation varied over the years and
was lower than long-term data.

The energy productivity, i.e. the yield of bi-
oethanol, solid biofuels and energy, was deter-
mined according to the methodology developed
by the Institute of Bioenergy Crops and Sugar
Beet of NAAS. The bioethanol yield was calcu-
lated considering the grain yield of sorghum,
which contains about 86 % dry matter and 75 %
starch content at harvest; the solid fuel yield was
calculated considering the biomass yield, its dry
matter and solid biofuel moisture content of 10 %
[15].

Results and Discussion. Plant density is
of crop yield. The optimal plant density allows
to achieve high yields with excellent grain and
biomass quality. At different seeding rates, the
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plant density varies, and, as a result, unequal
nutrition and lighting conditions are provided
for the crops, which affect the productivity of
grain and aboveground mass in general. High
seeding rates result in increased relative and ab-
solute humidity and reduced carbon dioxide
concentration in crops, which is associated with
deterioration of air exchange [16].

Research conducted in the zone of unstable

humidity has shown that with the change in
seeding rates, crop yields, bioethanol yield from
grain, solid fuel yield from aboveground mass
and energy yield also changed. The maximum
grain and biomass yields were at a seeding rate
of 200 ths. seeds/ha and reached 6.8 and 39.2
t/ha, respectively, for common bicolor sorghum
of Dniprovskyi 39 variety, and 5.9 and 36.1 t/ha
for soryz of Samaran 6 variety (Fig. 1).
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Fig. 1. Yield of common bicolor sorghum and soryz depending on seeding rates, t/ha (2016-2020).

The yield was lower at seeding rates of 150
and 250 ths. seeds/ha. At same time, at seeding
rate of 150 ths. seeds/ha, the grain yield of sor-
ghum was 6.1 t/ha, and that of sorghum was
5.3 t/ha, and the biomass yield was 33.1 t/ha, and
that of sorghum was 31.4 t/ha. At a seeding rate

of 250 ths. seeds/ha, the grain yield was 5.7 t/ha
for Dniprovskyi 39 and 4.8 t/ha for Samaran 6;
biomass yield was 34.6 and 32.8 t/ha, respectively.
The highest biofuel yield per unit area was
obtained using seeding rate of 200 ths. seeds/ha
for common bicolor sorghum and soryz (Table 1).

Table 1. Biofuel and energy yields depending on seeding rates of common bicolor sorghum and soryz,

2016-2020
. . Energy
. Seeding | Yield of bio- Y'.EId of Energy yield yield from | Total energy
Variety solid fuel, | from bioetha- . .
rate ethanol, 1/ha solid fuel, | yield, GJ/ha
t/ha nol, GJ/ha
GJl/ha
150 2.01 7.65 50.27 124.63 174.91
Dniprovskyi 39 200 2.24 9.06 56.04 147.60 203.64
250 1.88 7.99 46.98 130.28 177.26
150 1.75 7.25 43.68 118.23 161.91
Samaran 6 200 1.95 8.34 48.63 135.93 184.55
250 1.58 7.58 39.56 123.50 163.06

At the same time, Dniprovskyi 39 yielded
2.24 t/ha of bioethanol, and Samaran 6 yielded
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1.95 t/ha. At the seeding rate of 150 and 200 ths.
seeds/ha, the bioethanol yield decreased and was
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equal to 2.01 and 1.88 t/ha for Dniprovskyi 39,
and 1.75 and 1.58 t/ha for Samaran 6.

Solid fuels in form of briquettes and pellets
can be produced from the aboveground mass,
namely sorghum stems and leaves. For example,
common bicolor sorghum of the Dniprovskyi 39
variety produced 9.06 t/ha of solid fuel. The max-
imum yield of solid fuel for soryz of the Samaran
6 variety was 8.34 t/ha.

When seeding rate decreases to 150 ths.
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seeds/ha or increases to 250 ths. seeds/ha, the
yield of solid fuel per unit area decreased in both
varieties.

Correlation and regression analysis of the
data showed a strong linear relationship between
grain yield and energy yield from bioethanol, as
well as between biomass yield and energy yield
from solid biofuels. The correlation and determi-
nation coefficient was equal to 1 (Fig. 2).

Common bicolor sorghum and soryz are
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Fig. 2. Correlation and regression relationship between grain yield and energy yield from bioethanol
and between biomass yield and energy yield from solid fuels, 2016-2020.

crops characterised by high productivity in diffi-
cult soil and climatic conditions and utilization
flexibility [17].

Ukraine has all the objective prerequisites
for large-scale bioethanol production. However,
progress in scientific research into the possibili-
ties, prospects and efficiency for biofuel utilisa-
tion is limited, and key issues in this area remain
open for research. The feasibility of organising
large-scale production will be determined by the
availability of affordable and cheap plant feed-
stock. From this point of view, the most promis-
ing crops are sorghum characterised by high
productivity potential and increased drought and
heat resistance and salt tolerance. Most of the en-
ergy in sorghum is contained in substances that
are easily converted into ethanol. The starch yield
in sorghum grain is significantly higher than, for
example, the starch yield from maize. In the US,
sorghum is the main crop in bioethanol produc-
tion, providing 25-30 % higher alcohol vyields
than maize and wheat [18].

Therefore, given the value of these crops,
the study of elements of their cultivation techno-
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logies in specific soil and climatic conditions of
Ukraine is promising and appropriate.

Conclusions

It was found that the highest grain and bio-
mass yields of common bicolor sorghum of
Dniprovskyi 39 variety and soryz of Samaran 6
variety in the eastern part of the Forest-Steppe of
Ukraine were obtained at a seeding rate of 200
ths. seeds/ha. The grain and biomass yields of the
Dniprovskyi 39 variety were 6.8 t/ha and 39.2
t/ha, and of the Samaran 6 variety were 5.9 t/ha and
36.1 t/ha, respectively.

In the same variant of the experiment, high
bioenergy productivity of crops was observed.
The highest estimated yield of bioethanol and sol-
id fuel was observed in the Dniprovskyi 39 varie-
ty (2.24 and 9.06 t/ha) and in the Samaran 6 varie-
ty (1.95 and 8.34 t/ha). The total energy yield was
203.64 and 184.55 GJ/ha, respectively.

The correlation and regression analysis of
the data showed a strong linear relationship be-
tween the productivity indicators and the estimat-
ed biofuel yield. The correlation and determina-
tion coefficient was equal to 1.
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AxTyanabHicTb. OCTaHHIM YacoM Bce OUTBITNIE YBaru MPUIIISETHCS MOMTYKY EHEPTeTHYHUX PECypCiB, SKi
OTPUMYIOTH 13 BIIHOBIIIOBaHHX JKEPEN €Heprii, a caMme 3a PaxyHOK POCIMHHOI CHPOBHHHU. AKTyallbHOCTI HaOy-
BAalOTh JOCJIDKCHHS 3 BUBUCHHS BIUIMBY €JIEMEHTIB TEXHOJIOTii BUPOILIYBaHHS, 30KpeMa, HOPM BHUCIBY Ha (op-
MYBaHHS POAYKTUBHOCTI MTOCIBiB COPTO 3BUYAIHOTO JBOKOJIBOPOBOTO Ta COPU3Y, HEOOXiAHOI 11 BUPOOHUIITBA
OiomanmBa. Y cxignii yactuni Jlicoctermy YKpaiHu IpOAYKTUBHICT IUX KYJIBTYP 3HAYHOIO MipOIO 3aJI€KUTH BijI
COpPTY, 30BHIIIHIX YMOB Ta ONITHUMAIBHUX €IEMEHTIB TEXHOJOTI] BupomyBaHHs. ONTUMI3allis HOpM BHUCIBY Ha-
CIHHA € OJTHHM i3 IIUISIXIiB MiJBUILECHHS YPOKaHOCTI 3epHa Ta 6iomacu, BUXoay OiomanuBa Ta eHeprii 3 HbOro.
Merto10 pochaizkenb Oyio BU3HAYEHHS BIUIMBY HOPM BHCIBY HACiHHS Ha €HEPreTHYHY MPOAYKTHUBHICTH COPTO
3BHYATHOTO JIBOKOJIEOPOBOTO Ta COPU3Y B yMOBax cxigHoi yactunu Jlicocteny Ykpainu. Martepianau i meToau.
Hocnimkenus npoBoawau B 2016—2020 pp. Ha [BaniBCbKil qocmigHO-cenekuiiHii crannii [nctutyty GioeHnepre-
TUYHUX KYJIbTYp 1 mykpoBux Oypsakie HAAH — ne 30Ha HecTilikoro 3BojiokKeHHs cxigHoi yactuHH Jlicoctemy
VYxpainn. Cxema nocrnigy Bmrodana: copTa ((paxtop A): JHimpoBcbkmii 39 (copro 3Bu4aifHe TBOKOIEOPOBE) Ta
Camapan 6 (copus), i Hopmu BuciBy ((aktop B): 1) 150 tuc. mr./ra; 2) 200 tuc. mr./ra; 250 tuc. mr./ra.
Pe3yabTaTu. BeraHoBieHO, 110 3 Pi3HOK HOPMOIO BHCIBY 3MiHIOBAJIaCh YPOXKaHHICTh 3epHA Ta OioMacu copro i
COpHU3y, BIAMOBITHO, 3MIHIOBAaBCA 1 PO3paXyHKOBHH BUXim OioeTaHONy i3 3epHa, BUXIJl TBEPAOTO IajvBa i3
HaJ3€MHOI MacH Ta 3arallbHUH BUXiJl eHeprii. MakcuManbHa ypoKaiHICTh 3epHa Ta 6ioMacu OTpuMaHa 3a HOp-
MU BuciBy HaciHHg 200 THc. wT./Ta 1 cTaHoBMiIa 6,8 Ta 39,2 T/ra y cOpro 3BHYaifHOTO JBOKOJIBLOPOBOTO COPTY
Huinposcekuit 39 1 5,9 ta 36,1 1/ra y copusy copry Camapan 6. BucHoBku. HaiiGinpmmii Buxin 6ioeTaHory
(2,24 T/ra) Ta eneprii 3 Hporo (56,04 I'/x/ra) orpumano y copty Juinposcekuit 39 ta 1,95 1/ra i 48,63 I'Jlx/ra
— BianoBigHo y copty Camapan 6. HaiiBuimii BUXiJ TBEpAOro MajHMBa Ta CHEPrii 3 HHOIO OTPHUMAHO y COPro
9,06 T/ra i 147,6 I'[I)/ra, a Takox y copuszy — 8,34 1/ra ta 135,93 I'/)x/ra BiAMOBiAHO. 3 €HEPreTUUHOT TOUKH
30py OumbIn eheKTUBHUM, IJIsl BUPOOHHUIITBA OiOMaiiMBa Ta €Heprii 3 HbOTO € BUPOIIYBaHHS COPTO 3BUYAHOTO
JIBOKOJIEOPOBOTO 3 HOpMOIO BHciBy 200 TuC. miT./Ta.

Knrouoei cnosa: copm, ypooicaiinicms, 3epro, biomaca, 6ioemarnoin, meepoe naiuso, eHepeis
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