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The goal of agricultural intensification is to obtain high, stable and sufficiently predictable
crop yields. The energy feasibility study of agrotechnical measures helps to optimize the conditions
for growing crops. Its task is to realize in practice the possible level of use of solar energy, soil
and climatic resources, genetic potential of zoned and promising varieties in order to obtain high
crop yields with minimal material, monetary and energy costs The need for energy assessment is
due to high prices for energy carriers, mineral fertilizers, and pesticides.

The article presents the results of a study on the impact of agrotechnical measures on
changing the energy balance when growing sugar beet under irrigation in the south of Ukraine.

The aim of the research was to assess the bioenergy efficiency of individual elements of sugar
beet cultivation technology. To achieve this goal, the method of comparative analysis, as well as
calculation and abstract logical methods were used.

The field experiments were conducted in the Kherson region in the Ingulets irrigated area.
The soil cover is represented by dark chestnut slightly saline medium loamy soils.

The highest energy intake with the harvest of sugar beet roots — 390.3-396.7 thou-
sand MJ/ha, the maximum total energy consumption — 133.1-134.6 and the highest energy
gain — 229.2-234.8 MJ/ha were at both plowing depths, provided that organic-mineral fertilizers
were applied at a rate of 40 t/ha of manure + N150P150K60 of the second sowing term and
plant density of 110 thousand plants. /ha, and the highest coefficient of energy efficiency on
unfertilized — 2.57-2.91 and organic fertilizer backgrounds (2.57-2.79).

Thus, to obtain the highest energy efficiency coefficient for sugar beet cultivation on dark
chestnut irrigated soils, we recommend plowing to a depth of 20-22 c¢m, applying organic and
mineral fertilizers at a rate of 40 t/ha of manure + N150P150K60, sowing at a soil temperature
of 8-9°C and forming a plant density of 110 thousand/ha.

Key words: sugar beet, agrotechnical factors, bioenergy analysis, energy input, energy
expenditure, energy coefficient.

Munkin M.B. Enepzemuune o00rpyHmMysanHs azpomexHiYHUX 3aAX00i6 GUPOULYGAHHS
OypaKie yykposux

Memoro inmencughikayii 3emnepobcmea € 00epHCAHH BUCOKUX, CIMADIILHUX | OOCAMHbLO
NPOSHO308AHUX YPOIACAIE CLTLCHKO20CNO0APCLKUX Kynbmyp. Enepeemuune o6rpynmysanms azpo-
MEXHIUHUX 3aX00i8 CPUSIE ONMUMI3AYTT YMO8 8UpOwysanis Kyabmypu. Moeo 3ae0anusam € npax-
MUYHA peanizayis MOJNCIUBO20 PIEHS GUKOPUCTAHHA COHAYHOL eHepaii, IPYHMOB0-KAIMAMUYHUX
pecypcie, 2eHemuiHo20 NOMEeHYiary pauoHo8aHUX i NEPCNEeKMUSHUX COPMIE 3 MENOI0 00EPICANHS
BUCOKUX YPOXHCAIB CLIbCbKO20CNOOAPCHKUX KVILIYP 3 MIHIMATbHUMU MAMEPIANbHUMY, SPOULO-
sumu il enepeemuyHumuy 3ampama Heobxiounicme npogedents enepeemuynoi OyinKu 3ymMo81eHd
BUCOKUMU YIHAMU HA eHepeemuyHi HOCTT, MiHepalbHi 00Opusa, necmuyuou.

Y cmammi nasedeno pesyromamu 00cniodcents woo0o GUEYEHHS GNIUGY ASPOMEXHIUHUX
3ax00i6 HA 3MIHY eHepeemudHo20 OANaHCy NPU SUPOULYEAHHI OYDAKY YYKPOBO2O 3d 3POULEHHS
6 YMOGaAX nieoHs: Yxpainu.

Memoro Hayko8020 00CHIONCEeHHS 6YI0 NPOBEOEHHS OYIHKU BioeHepeemuUyHOl ehekmusHoCmi
OKpeMUXx eleMeHmie mexHonozii eupousysanus OypsKie yykposux. [na peanizayii nocmaenieHoi
Memu 8UKOPUCMOBY AU MEMOO NOPIBHANLHO20 AHANIZY, A MAKOXC PO3PAXYHKOBUL mMa aOCMpaK-
MHO-T102TYHULL MEMOOU.

Tonvosi docniou nposoounucs 8 XepcoHcwkil obonacmi 6 30Hi [Heyieybko2o 3pouLy8anoco
macugy. Ipynmosuil nokpue npedcmaeienutl meMHO-KaumaHo8UMY C1Ia00 CONOHYEGUMU Ceped-
HbO CYTUHUCHUMU [PYHMAMU.
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Haiibinbwe HaoxoOdicenHs eHepeii 3 YpO#AeEM KOPeHeniodié YYKposux OypaKie —
390,3-396,7 muc. MJoc/2a, makcumanvni 3azanvri eumpamu it — 133,1-134,6 i natisuwuii npu-
picm enepeii — 229,2-234,8 M/[oic/ea 6ynu na 060X enubUHAX OpaHKU, 34 YMOBU 6HECEHHs Opea-

HO-MinepanbHux 00opus nopmoto 40 m/ea enowo + N, P, K. Opyeozo cmpoxy cisou it 2ycmomu

cmosinusi pocaun 110 muc./2a, a navsuwuil koegiyienm enepeemuunol eghpekmuenocmi Ha Heyoo-
openux — 2,57-2,91 ma opeaniunux ¢onax scusnenns (2,57-2,79).

Taxkum uunom, pexomMeHOYEMO 01 00ePICAHHsL HAUBUL020 KoepiyicHma enepeemuyHol
egexmusHocmi npu GUPOWYBANHI YYKPOBUX OYPAKI6 HA MEMHO-KAUMAHOBUX 3DOULYBAHUX TPYH-
max nposooumu opaHky Ha nubuny 20-22 cm, 6HOCUmMU OpeAHO-MIHEPAbHI 000pUBa HOPMOIO
40 m/ea enoro + N P, K, nposooumu ciedy npu memnepamypi tpyumy 8-9°C ma gpopmysamu
2ycmomy cmosHHs pociun Ha pieni 110 muc./ea.

Knrouogi crnosa: 6ypsix yykposuil, acpomexnivti paxmopu, 6ioenepeemuyHuil aHais, npuxio
eHepeil, sumpamu enepeii, enepeemudHull Koegiyienm.

Statement of the problem. The technology of sugar beet cultivation is costly due
to the application of organic, mineral fertilizers and plant protection products, inter-row
tillage, plant density formation, and harvesting. The effectiveness of the use of elements
of sugar beet cultivation technology is determined not only by assessing the value of the
increase in the production with the cost of cultivation associated with the use of tech-
nology, but also by the ratio of renewable energy to non-renewable energy. Therefore,
determining the energy efficiency of the elements of sugar beet cultivation technology
in the conditions of unstable moisture in the south of Ukraine is relevant.

Analysis of recent research and publications. In modern economic conditions, the
intensification of production is accompanied by an increase in the energy intensity of
products, so to identify reserves for its reduction, a bioenergy assessment of both indi-
vidual elements and the technology of growing the crop as a whole is carried out [1-3].

The need for an energy assessment is driven by high prices for energy carriers,
mineral fertilizers, and pesticides. For example, 1 kg of nitrogen fertilizers in terms of
100% of nutrients in terms of energy consumption is equal to 61.74 MJ, phosphorus
fertilizers — 10.92 MJ and potash fertilizers — 6.72 MJ; 1 kg of herbicides — 348.99 MJ,
fungicides — 205.67 MJ; 1 ton of manure — 688.8 MJ. The energy equivalent of 1 kg
of gasoline is 54.6 MJ, diesel fuel — 52.92, and live labor per man-hour — 12.0 MJ [5].

Sugar beet is an intensive crop. High yields of sugar beet require an increasing use
of labor and energy for production. To create each additional ton of harvest, energy is
consumed, which is carried by high-quality pre-sowing seed preparation, formation of
an optimal phytocoenosis, foliar fertilization of plants, timing of root crop harvesting
and use of various biological forms of sugar beet that actively influence plant growth
and development. The energy content of 1 kg of sugar beet roots is 610.5 kcal. The
analysis of bioenergy indicators allows to make effective calculations on the optimal
use of fertilizers and other biological and technological factors in order to maximize
the genetic potential of sugar beet plants. Bioenergy indicators allow all elements of
agrotechnology, technical means, resources to be brought to a single indicator — J,
and thus to establish the active position of each element of the technological process
system [4-7].

Statement of the task. The aim of the research was to assess the bioenergy effi-
ciency of individual elements of sugar beet cultivation technology. To achieve this goal,
we used the method of comparative analysis, as well as calculation and abstract and
logical methods.

The field experiments were conducted in the Kherson region in the Ingulets irrigated
area. The soil cover is represented by dark chestnut slightly saline medium loamy soils.

The following factors and their variants were included in the experimental design:
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Factor A — plowing to a depth of 20-22 cm and 28-30 cm seeding rate of similar
seeds: 6; 9 and 12 million pcs/ha.

Factor B — fertilizer background: no fertilizers, N150P150K 60, Manure 40 t/ha +
N150P150K60, Manure 40 t/ha.

Factor C — sowing time: the first term — at a soil temperature at the depth of seeding
(4-5 cm) — 6-8 ° C; the second — ten, the third — 20 days after the first term.

Factor D — plant density: 90, 110 and 130 thousand/ha.

Calculations of bioenergy efficiency were carried out according to the methodology
of bioenergy assessment of crop production technologies [3, 4].

Summary of the main research material. Thanks to photosynthetic activity, plants
are able not only to use but also to accumulate energy in the crop. To increase the yield
of agricultural crops, it is necessary to increase energy consumption for fertilization,
protection of plants from pests, diseases and crops from weeds, etc. Therefore, the main
task of agricultural producers is to increase the yield, which increases the energy supply.

The main task of energy analysis is to find and plan agricultural production methods
that ensure the rational use of non-renewable and renewable energy and environmental
protection.

The purpose of assessing the bioenergy efficiency of a technology is to determine the
payback of the total energy accumulated in the crop or its productive part, as well as to
determine the level of energy intensity of the products obtained.

To calculate the energy efficiency of sugar beet cultivation technology, we have
drawn up technological maps that indicate the list of activities, as well as the scope and
time of their implementation.

Table 1 shows the energy input data, which were calculated according to the sugar
beet yield and the total energy content per 1 kg of dry matter.

The least energy was accumulated with the harvest in the variants without fertilizers
and plowing to a depth of 20-22 cm (96.8-141.5 thousand MJ/ha). In the plots of deep
plowing without fertilizers, slightly more energy was accumulated (113.2-150.2 thou-
sand MJ/ha) than in the plots of shallow plowing. The same pattern was observed in the
accumulation of energy with the sugar beet harvest and in fertilized plots where only
mineral and only organic fertilizers were applied.

Thus, in the variants of shallow plowing, depending on the timing of sowing and plant
density, 224.6-352.4 thousand MJ/ha were received with the harvest on the background
of N150P150K60, and 163.0-240.6 thousand MJ/ha on the background of organic ferti-
lizers, while in the areas of deep plowing —232.8-361.5 and 170.7-246.5 thousand MJ/ha,
respectively. Against the background of the use of organic-mineral fertilizers, a different
pattern was observed, i.e., in the variants of shallow plowing, 0.6-2.7% more energy
was accumulated than in the variants of deep plowing.

Fertilizers provided a significant increase in energy supply. The first place in energy
accumulation with the harvest was taken by the variant with the use of organic-mineral
fertilizers, the second — mineral and the third — organic.

The timing of sowing also influenced the energy supply with the harvest. The least
energy was received with the crop in all variants of the experiment when sowing in the
third term, and the most — in the second term of sowing sugar beet. Thus, without the
use of fertilizers, depending on the depth of plowing and plant density, 96.8-126.5 thou-
sand MJ/ha were received in the third sowing term. MJ/ha, in the second — 121.0-150.2;
against the background of mineral fertilizers — 224.6-290.3 and 289.0-361.5; against the
background of organic-mineral — 247.4-303.1 and 331.0-396.7 and against the back-
ground of organic fertilizers — 163.0-194.9 and 213.6-246.5 thousand MJ/ha, respectively.
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Table 1
Energy input depending on the studied factors, thousand MJ/ha
Power supply . . Plant density, thousand/ha
Sowing period
background 90 | 110 | 130
Plowing to a depth of 20-22 cm
First. 116,0 120,5 108,2
Without fertilizers Second. 1319 141,5 121,0
Third. 107,3 110,9 96,8
First. 2429 282,6 261,1
NP oK Second. 289,0 3524 3232
Third. 224.6 280,7 255,6
First. 272,5 325,0 293,0
Manure 0 ¢ha * Second. 3342 336,7 3593
1010 Third. 248.8 303,1 278,5
First. 165,7 197,2 178.,9
Manure 40 t/ha Second. 213,6 240,6 220,9
Third. 163,0 186,3 171,6
Plowing to a depth of 28-30 cm
First. 131,0 131,5 115,5
Without fertilizers Second. 1479 150,2 1283
Third. 122,3 126,5 113,2
First. 2479 293,5 263.,4
NP soKeo Second. 296,7 361,5 3273
Third. 232,8 290,3 262,0
First. 265,7 3173 290,8
Ma;u“}“olgha " Second. 331,0 390.3 353.8
1307 1307760 Third. 2474 296,7 271,2
First. 172,6 205,0 1849
Manure 40 t/ha Second. 219,1 246,5 226,4
Third. 170,7 1949 178.,9

Comparing the density of sugar beet plants, it should be noted that an increase in
the number of plants from 90 to 110 thousand/ha led to an increase in energy intake
on all nutrition backgrounds, and an increase in the number of plants from 90 to
130 thousand/ha on variants without fertilizers led to a decrease in energy, and on ferti-
lized ones — to an increase in energy.

The highest energy intake was with sugar beet roots in all variants at a planting den-
sity of 110 thousand/ha.

Energy consumption is directly related to energy intake: the more energy is supplied,
the more it is consumed, which is associated with additional costs for deepening plow-
ing and fertilizer application (Table 2). While plowing to a depth of 20-22 cm consumes
1224 M1J per hectare, deep plowing consumes 1416 MJ.

Only fertilizer application increases energy consumption: mineral fertilizers —
by 51244 MlJ/ha; organic fertilizers — by 21122, and organic-mineral fertilizers — by
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72366 MJ/ha. Energy costs also increase due to the additional harvesting of sugar beets,
with 68.52 MJ consumed per centner of root crops.

In the structure of energy costs, the highest costs are for gasoline and diesel fuel,
which, depending on the experimental variant, range from 5766 to 23637 and from 7329
to 17344 MJ/ha, respectively.

In our experiments, the lowest energy consumption for sugar beet cultivation was
observed in the variants without fertilizers at both plowing depths at the third sowing
term and plant density of 130 thousand/ha — 43.5-46.1 thousand. MJ/ha, and the high-
est — against the background of organo-mineral fertilizers at a rate of 40 t/ha of manure
+ N150P150K60 at the second sowing term and plant density of 110 thousand/ha —
161.1-161.9 MJ/ha, which is mainly due to the level of yield in these variants.

Table 2
Energy consumption for growing sugar beet roots depending
on the studied factors, thousand MJ/ha
Power supply Sowing period Plant density, thousand/ha
background 90 | 110 130
Plowing to a depth of 20-22 cm

First. 46,3 47,0 45,2

Without fertilizers Second. 48,7 50,2 47,1
Third. 45,0 45,6 43,5

First. 116,5 122,6 119,4

NP, K Second. 123,6 133,1 128,7
Third. 113,9 1223 118,9
First. 143,2 151,1 146,4

Maﬁurifolgha - Second. 152.5 161,9 156,2
1907 15070 Third. 139,6 147,8 144,1
First. 75,9 80,6 77,9

Manure 40 t/ha Second. 83,1 87,2 84,2
Third. 75,5 79,0 76,8

Plowing to a depth of 28-30 cm

First. 48,8 48,8 46,5

Without fertilizers Second. 51,3 51,7 48,4
Third. 47,5 48,1 46,1
First. 117,6 124.4 119,9

NP oK Second. 124,9 134,6 129,5
Third. 115,3 123,9 119,7

First. 142.,4 150,1 146,1
Ma;“r‘;“olgha - Second. 1522 161,1 1556
1507 B0 Third. 139.6 147,9 143,2
First. 77,1 82,0 79,0

Manure 40 t/ha Second. 84,1 88,2 85,2
Third. 76,9 80,5 78,1
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Energy consumption is directly related to energy intake: the more energy is supplied,
the more it is consumed, which is associated with additional costs for deepening plow-
ing and fertilizer application.

An important indicator in bioenergy assessment is the energy efficiency coefficient,
which is determined by the ratio between the amount of energy accumulated by the crop
and the amount of energy used for production.

The calculations of the efficiency factor are shown in Table 3.

Table 3
Energy efficiency factor of sugar beet cultivation depending
on the factors under study
Plant density, thousand/ha
ackground Sowing period % 1o 150
Plowing to a depth of 20-22 cm
First. 2,51 2,56 2,39
Without fertilizers Second. 2,71 2,82 2,57
Third. 2,38 2,43 2,23
First. 2,08 2,31 2,19
NP oK Second. 2,34 2,65 2,51
Third. 1,98 2.30 2.15
First. 1,90 2,15 2,00
Manure 40 Uha + Second. 2,19 2,45 2,30
NisoPisoln Third 1,78 2,05 1,93
First. 2,18 2,45 2,30
Manure 40 t/ha Second. 2,57 2,76 2,62
Third. 2,16 2,36 2,23
Plowing to a depth of 28-30 cm
First. 2,68 2,69 2,48
Without fertilizers Second. 2,88 2,91 2,65
Third. 2,57 2,63 2,46
First. 2,11 2,36 2,20
NP Ko Second. 2,38 2,69 2,53
Third. 2,02 2,34 2,19
First. 1,87 2,11 1,99
Manure 40 tha + Second. 2.7 242 227
NP 15K Third. 1,77 2,01 1,89
First. 2,24 2,50 2,34
Manure 40 t/ha Second. 2,61 2,79 2,66
Third. 2,22 2,42 2,29

The lowest coefficients (1.77-1.78) were obtained when sugar beet was grown on
an organic-mineral nutrition background, at the third sowing term and plant density of
90 thousand/ha, and the highest — without fertilizers and on the background of organic
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fertilizers — 2.57-2.91 and 2.57-2.79, respectively, at the second sowing term. On the
mineral and organic-mineral fertilizer backgrounds, the energy efficiency coefficients
were lower compared to the unfertilized and organic fertilizer backgrounds.

This is due to the fact that the application of mineral and organic-mineral fertilizers
increases energy consumption for their application and harvesting of additional crops.

Conclusions. Thus, the calculations of the bioenergy assessment of sugar beet pro-
duction allow us to draw the following conclusions.

The highest energy supply with the harvest of sugar beet roots — 390.3-396.7 thou-
sand MJ/ha, the maximum total energy consumption — 133.1-134.6 and the highest
energy gain — 229.2-234.8 MJ/ha were at both plowing depths, provided that organ-
ic-mineral fertilizers were applied at a rate of 40 t/ha of manure + N150P150K60 of
the second sowing term and plant density of 110 thousand plants. /ha, and the highest
coefficient of energy efficiency on unfertilized — 2.57-2.91 and organic fertilizer back-
grounds (2.57-2.79).

Thus, to obtain the highest energy efficiency coefficient for sugar beet cultivation on
dark chestnut irrigated soils, we recommend plowing to a depth of 20-22 c¢m, applying
organic and mineral fertilizers at a rate of 40 t/ha of manure + N150P150K 60, sowing at
a soil temperature of 8-9°C and forming a plant density of 110 thousand/ha.
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