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The article presents the evaluation results of the
economic and energy efficiency of applying vari-
ous tillage systems in crop rotation when grow-
ing winter wheat, spring barley, corn for grain
and sunflower in the conditions of the northern
Steppe of Ukraine. The experimental part of
agrotechnological researches has been car-
ried out on the basis of the SE “Experimental
Farm “Dnipro” of the SE Institute of Grain Crops
of National Academy of Agrarian Sciences of
Ukraine. The variants of application of different
tilage systems such as moldboard tillage (based
on plowing), moldboardless soil protection tillage
(based on flat-cut tillage) and No-till (zero tillage),
depending on the nutrition background, have
been studied. According to the evaluation results
of the indicators of yield, cost and energy content
of products, net income per 1 ha, profitability and
energy efficiency coefficient, the variants of soil
tillage that can be recommended for implementa-
tion into production are determined.
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B cmambe npedcmaeneHbl  pesysibmamel
OUeHKU 3KOHOMUYeECKoU U  3Hepeemuyeckoli
aghchekmuBHOCMU  MPUMEHEHUST  Pa3/IUYHBIX

cucmem o6pabomku Mo4sbl B8 cesoobopome
npu sbipauwjusaHuu 03umoll NUWeHUYbI, SPo20
SIYMEHS, KYKypy3bl H& 3ePHO U M00CO/THEYHUKa
B ycnoBusix cegepHoll Cmenu YKpauHbl. 3Kc-
repuMeHmasibHasl 4acmb  aspomexHosioauye-
CKux uccriedosaHull npogoousack Ha 6ase 1
«OrnbimHoe xo3saticmso «[Henp» Y WiHcmu-
myma 3epHoBbIX Kysibmyp HAAH YKpauHbl.
Bbi/iu U3yyeHbl BapuaHmbl MPUMEHEHUsI pas-
HbIX cucmem 06pabomku Mo4sbl: 0MBasIbHOU
obpabomku (Ha ocHose Bcrialuku), 6esom-
Ba/IbHOUI ro4YBo3awumHoll (Ha OCHOBe /10CKO-
pe3Holl o6pabomku royskl) u No-till (Hynesol
06pabomku 1o4Bbl) 8 3a8UCUMOCMU OM (HOHA
numanusi. Mo pesyslbmamam OUeHKU oKa-
3ameneli ypoxaliHocmu, cebecmoumocmu U
3HEp20eMKocmu NPoOyKYUU, Yucmoeo 0oxooa
¢ 1 ea, peHmabenbHocmu U KoaghghuyueHma
3Hepeemuyeckol  aghghekmusHocmu - orpede-
JIeHbI BapuUaHMb 06paboMKU M04Y8bI, KOMopbIe
mo2ym 6bimb peKoMeHO0BaHb! 07151 BHEOPEHUS
B8 1POU3800CMAO.

KnioueBble cnoBa: cucmema 06pabomku
rouskl, omsasibHasi 06pabomka Mo4sbl, 6e3-
omBa/ibHasi obpabomka ousbl,  Hysesast
obpabomka Mousbl, yOOOPEHUsI, 3epHOBbIE
Ky/Ibmypbl,  MOOCO/IHEYHUK,  ypoxaliHocms,
cebecmoumocmeb, peHmabe/ibHoOCMb, 3Hepae-
muyeckasi aghghekmusHOCMb, 3aujuma no4sbl
0m 3po3uu.

B cyqacHux ymosax 8UpobHuYmMso rpodykyii pocuHHUYmsa 8 cucmemi AlK kpaiHu BUKOHYE posib cmpamezidHO Bax/1UuBOI 2a/1y3i, OCKifIbKU BIiO eghek-
MUBHO20 I hyHKUIOHYBaHHS1 3a1€XXUMb PiBeHb NMPOA0BO/ILHOI 6e3neKu KpaiHu ma ¢hopmyBsaHHs1 MOMYXHOI CUPOBUHHOI 6a3u 07151 nepepo6HOI NpomMuC/Io-
Bocmi. B KoHmMekcmi niosuUWeHHsT BpoXaliHoCMI CiflbCbK020Cr00apChKUX Ky/ibmyp ma npubymxosocmi iX BUPOWYBaHHSI MPOBIOHa PO/b HAIEXUMb HUH-
HUKaM MeXHIKO-mexHos102iuHo20 xapakmepy. OOHUM 3 K/TH0H0BUX (hakmopis, Oisi IKUX CrpsiMosaHa Ha CmMBOoPeHHS1 CAPUSIM/AUBUX YMOB 07151 BUPOWYBaHHS
Ci/IbCbK020Cr00apChbKUX Ky/ibmyp, € 06po6imok rpyHmy. CrpsiMyBaHHs HOBIMHIX a0anmuBHUX MEXHO/I02il Ha 3HUXXEHHST PECYPCO- ma eHepaoMIiCmKoCcmi
BUPOBHUYMBA MPOOYKYii POCAUHHUYMBA, @ MaKoX 3abe3neyeHHs 3axucmy rpyHmy sio eposii CrioHyKae 00 oa/1ubsieHux 00C/ioXeHb W00 BUSHAYEHHST
Halibiflbw eghekmusHUX cucmem 06poBImKy rpyHMYy, PeKOMEHO0BaHUX 07151 KOHKDEMHUX 2PyHMOBO-K/IMamUYHUX yMoB. B cmammi HasedeHi pe3sy/ib-
mamu OyjHKU eKOHOMIYHOI ma eHepaemuYHOI egheKmuUBHOCMI eKcriepUMeHMasIbHUX AOC/IOXEHb 3 BUBYEHHS 3aCMOCYBaHHS PI3HUX cucmem 06po6imKy
pyHMy 8 noskosili CiB03MiHI 30HU MiBHIYHO20 Cmeny YkpaiHu, nposedeHux Ha 6a3i Al «/JocnioHe 2ocrnodapcmso «AHinpo» AY IHcmumym 3epHOBUX
Kyribmyp HAAH YkpaiHu. [NpoaHasnizosaHi ompumMaHi NoKasHUKU BpoxaliHocmi 03UMOI MWEHUY, SP020 SIYMEH!IO, KyKypyO3u Ha 3€pHO ma COHSILUHUKY,
BUPOBHUYUX 2pOW0B0-Mamepia/ibHuUX Bumpam 8 po3paxyHky Ha 1 2a nocigy i Ha 1 m npodyKuii, 3ampam cyKyrnHoi eHepaii 8 po3paxyHky Ha 1 2a rocisy,
eHepaoeMHocmi 1 m npodykyii, Yucmozo doxody 8 po3paxyHKy Ha 1 ea, npupocmy 8a/a080i eHepeaii Ha 1 2a, pisHsi peHmabesibHoCmi ma KoegbiyieHma
eHepaemuyHoi echekmusHOCMI 07151 Pi3HUX BapiaHMI8 MpbOX cucmem o0bpobimKy rpyHmy: no/uyesoi (Ha 0OCHOBI OpaHKU), rpyHMo3axucHoi 6e3noauyesor
(Ha ocHosi na0cKopI3Ho20 06PO6IMKY rpyHmy) i No-till (Hy/1b08020 06POBIMKY rpyHMY) 07151 yOOOPEH020 ma Hey00bpeHO20 (hOHIB XUB/IeHHS. BusHa-
deHi HalibinbW echekmuBHi 3 MOYKU 30py BpOXaliHOCMI, eKOHOMIYHOI ma eHepaemuYHOT egheKkmuBHOCMI BapiaHMU 3acmocyBaHHs1 cucmem 06pobimky
TpyHMy, WO opieHMoBaHi Ha 3axucm rpyHmy 8id epo3ii ma Moxyms 6ymu peKkoMeHO08aHi 07151 BIIPOBAOXKEHHS Y BUPOBHUYMBO.

KniouoBi cnoBa: cucmema 06po6imky rpyHmy, nonuyesuti 06po6imok rpyHmy, 6esnosuyesuli 06pobimok rpyHmy, Hy/bosuli 06po6ImoK rpyHmy,
006puBa, 3epPHOBI Ky/Ibmypu, COHAWHUK, ypoxaliHicmb, cobisapmicmb, peHMabesIbHICMb, EHEp2eMUYHa €QHEKMUBHICMb, 3aXUCM [pyHMY 8i0 epo3i.

Problem statement. One of the priority areas of
Ukraine’s agricultural policy is the implementation of
adaptive production technologies. The adaptive strat-
egy of plant growing is aimed at sustainable growth of
production while reducing energy expenditures and
disturbances in the agricultural landscape.

Land is the main wealth of our state, but it is char-
acterized by a high degree of in tillage (54 %), while
in Europe this figure is 35 %. As of 01.01.2019, the
area of agricultural land was 41.4 million hectares, of
which 32.7 million hectares (79.0 %) were occupied

by arable land. The remaining land was occupied by
pastures (5.3 million hectares), hayfields (2.3 million
hectares), perennial plantings (0.9 million hectares)
and fallow areas (0.2 million hectares). The share of
organic land was 422 thousand hectares [1].

The irrational use of land resources has led to the
phenomenon of soil degradation, which can already
be classified as catastrophic. According to the results
of our previous researches, it was revealed that in
the conditions of the Dnipropetrovsk region, which is
geographically located in the northern Steppe zone
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of Ukraine, eroded lands are actively used in agricul-
tural turnover. So, the specific weight of plots with a
slope steepness of more than 10 is 53.6 %. 47.2 % is
accounted for by arable land with a slope steepness
of 1-30, and the share of eroded land with a slope
steepness of more than 30 is 6.4 %. This negatively
affects the economic indicators of efficiency of pro-
duction of plant growing products, and also leads to
an increase in soil fertility losses. It was calculated
that under the existing structure and location of sown
areas of agricultural crops without taking into account
the topography of the territory, the region loses about
4 million tons of chernozem annually due to black fal-
low, which is the most dangerous in terms of erosion.
The washout of fertile soil from the arable land area
exceeds 24 million tons per year. The washed-away
soil contains about 783 thousand tons of humus,
1.24 thousand tons of active substance nitrogen,
2.22 thousand tons of phosphorus and 2.67 thousand
tons of potassium.

Solving the issue of increasing the volume of pro-
duction of plant growing products and the level of
its efficiency, while minimizing the negative impact
on the environment, does not lose its topicality. In
this regard, the important point that requires fro-
found researches is the study of the effectiveness
of applying various tillage systems, the use of which
is designed not only to create favourable conditions
for obtaining high yields of high-quality plant growing
products, but also to protect the soil from erosion.

There are three main systems of tillage such as
traditional (plowing), minimal (plowless cultivation
with constant loosening of the soil) and No-till (zero
tillage).

Plowing is the most effective mechanical measure
of weed control. Its use helps to improve the physical
properties of the soil (porosity, aeration, water perme-
ability, etc.) and enhance the use of nutrients from the
soil. However, on the other hand, plowing is the most
resource- and energy-intensive method of tillage, as
well as the least effective one from the point of view
of protecting soils from erosion.

Market conditions force agricultural producers to
reduce production expenditures. In this regard, the
scientific researches aimed at developing and imple-
menting various resource- and energy-saving tech-
nologies, including soil protection technologies based
on the use of minimal and zero tillage, are becoming
very topical.

The transition to the system of farming with the
use of minimal and zero tillage requires in-depth
researches. Based on their results, appropriate rec-
ommendations should be formed for production
regarding the use of the most effective tillage sys-
tems for specific soil and weather-climatic conditions
for growing agricultural crops.

Analysis of recent research and publica-
tions. The issue of the effectiveness of applying
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various tillage systems has been studied by such
scientists as V.V. Adamchuk [2], V.M. Bulgakov
[2], Ya. Gukov [6], V. Kravchuk [3], A.M. Malienko,
M. Malyarchuk [4], V.V. Medvedev [5-6], V.T. Nadykto
[2], M. Novokhatsky [7], I.A. Pabat [8], D. Primak,
V. Pogorily [3], O. Rozhansky [3], V.G. Roshko,
V.F. Saiko [9], S.P. Tanchik [2], Z.M. Tomashivsky [10],
M.V. Shevchenko [11], L. V. Tsentilo [12], V.S. Tsikov
[13], Yu.A. Tsova [14] and others. However, the study
of economic and energy efficiency of the use of vari-
ous (including soil protection) tillage systems in field
crop rotation of the zone of the northern Steppe of
Ukraine currently remains an urgent issue.

Statement of research purposes. The purpose
of this article is to ground the directions for increas-
ing economic and energy efficiency of production of
plant growing products based on the use of the most
efficient tillage systems.

Statement of the main research material.
The assessment of the indicators of economic and
energy efficiency of the use of various tillage systems
depending on the background of nutrition was based
on the use of experimental data obtained based
on the results of the researches conducted during
2016-2020 on the basis of the SE “Experimental
Farm “Dnipro” of the SE Institute of Grain Crops of
NAAS, which is geographically located in the north-
ern Steppe zone of Ukraine. The effectiveness of
using three systems of tillage such as moldboard till-
age (based on plowing to a depth of 20-22 cm), soll
protection moldboardless tillage (based on flat-cut till-
age to 12-14 cm) and No-till (zero tillage) has been
studied by the program of scientific research of the
laboratory of crop rotations and environmental sys-
tems of tillage.

The calculations of norms of expenses for the
production of plant growing products (winter wheat,
spring barley, corn for grain and sunflower seeds) and
quantity of energy contained in the economically valu-
able part of the harvest and the indicators of energy
efficiency have been carried out on the basis of com-
posed technological maps of cultivation, as well as the
prices for material and technical resources and prod-
ucts which were actual in the second-third quarters
of 2020. The calculations have been performed for
the natural climate conditions of the Northern Steppe
zone of Ukraine with the use of existing methodical
recommendations [15-19].

It is proved by science and practice that moldboard
tillage creates the most favourable conditions for the
growth and development of plants of agricultural crops,
in particular winter wheat, which causes the formation
of a higher biological level of productivity. The research
results have shown that during 2016-2020, the mold-
board tillage system in the technology of growing win-
ter wheat, when it is grown on bare fallow against a
background without application of fertilizers, not only
provided the greatest yield increases in comparison
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with the other two systems but also the formation of a
higher quality of wheat grain. Thus, due to this factor
the maximum level of cost payback (at the level of prof-
itability of 212.7 %), as well as the maximum amount of
net income from 1 ha (17.01 thousand UAH/ha) were
achieved (table 1).

However, on the other hand, the advantages of
a moldboardless tillage system should be acknowl-
edged. They, in comparison with a moldboard system
(1074 UAH/ha), involve not only saving 286 UAH of
material, monetary and labour expenditures per 1 ha
of sowing but also ensuring a higher degree of soll
protection efficiency. In the context of solving the
problem of loss of soil fertility, this factor can be of
priority importance when choosing a tillage system.
Moreover, in this variant, against the background
without fertilization, cheaper grain has been obtained

(1691 UAH/ton) that made it possible to ensure a
high level of cost payback with a profitability level of
207.8 %.

Application of the No-till system took place with
the use of a mighty plant protection system, which
required an increase in production expenses to
8245 UAH/ha. Even with an average yield of 4.41 t/ha
(at the level of a moldboardless tillage system), this
naturally has led to an increase of unit product cost
by 9.5-10.6 % (compared to the other two variants)
as well as a decrease in the amount of net income per
1 ha (up to 14.22 thousand UAH/ha) and the level of
profitability (up to 172.5 %) in the conditions of forma-
tion of low grain quality indicators.

Analysis of the results of growing winter wheat
against the background of applying N45P45K45 has
showedthatthe studied background of mineral nutrition

Table 1

Economic efficiency of tillage systems in crop rotation depending on the fertilizer background

- . Production Costof1ton | Netincome "
b::;t':gﬁ:‘ d Tillage system Yleld,ltggs per expenses, of products, from 1 ha, Le‘;ﬂiﬁ: pz/oflt-
9 UAH per 1 ha UAH UAH Y, 70
Winter wheat
Moldboard 4,68 7995 1708 17006 212,7
Without Soil protection
fertilization moldboardless 441 7458 1691 15496 207.8
No-till 4,41 8245 1870 14220 172,5
Moldboard 5,27 11362 2156 17976 158,2
Soil protection
NasPasKas moldboardless 5,05 10850 2149 17263 159,1
No-till 4,91 11566 2356 15768 136,3
Sunflower
Moldboard 2,53 6530 2581 19410 297,2
Without | Soil protection 2,36 6071 2573 18126 298,5
fertilization moldboardless
No-till 2,24 6950 3103 16017 230,5
Moldboard 3,07 10021 3264 21456 214,1
Soil protection
NasP1sKas moldboardless 2,75 9444 3434 18752 198,6
No-till 2,60 10299 3961 16359 158,8
Spring barley
Moldboard 2,43 6530 2687 5062 77,5
Without Soil protection
fertilization | moldboardless 2:25 6384 2837 4349 68,1
No-till 2,12 7190 3392 2922 40,6
Moldboard 2,94 9922 3375 4102 41,3
Soil protection
NasPsKas moldboardless 2,71 9744 3596 3182 32,7
No-till 2,52 10512 4171 1508 14,3
Corn for grain
Moldboard 5,48 8415 1536 17198 204,4
Without Soil protection
fertilization | moldboardless 5,07 7937 1565 15760 198,6
No-till 4,37 8458 1935 11967 141,5
Moldboard 6,55 11894 1816 18721 157,4
Soil protection
NasPssKas moldboardless 6,22 11447 1840 17625 154,0
No-till 6,09 12188 2001 16277 133,5
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made it possible to obtain 3rd class grain regardless
of the applied tillage system. At the same time, the
highest yield has been formed in the variant with a
moldboard system (5.27 t/ha), and the lowest one
has been formed when using zero tillage (4.91 t/ha).
Only due to this factor, in the variant with the mold-
board method of tillage, the maximum amount of net
income per hectare of sowing (17.98 thousand UAH)
has been obtained. However, due to saving expenses
per unit of product at the lowest cost (2149 UAH/t), in
the variant where a moldboardless tillage system was
used the maximum level of cost payback has been
achieved (with profitability of 159.1 %). The use of the
No-till system, despite strengthening the system of
plant protection measures, has ensured the formation
of the lowest level of winter wheat yield (4.91 t/ha),
which at the maximum expenditures per 1 ha of
sowing (11.57 thousand UAH) caused an increase
in the unit product cost by 9.3-9.6 %, a shortfall of
1.50-2.21 thousand UAH of net income per hectare
of sowing and a decrease in the level of profitability
by 21.9-22.8 percentage points.

According to the results of researches, it has been
established that the economic indicators of produc-
tion of spring barley grain were the best when using
the moldboard system on both non-fertilized and fer-
tilized backgrounds where there were obtained the
yield of 2.43 and 2.94 t/ha, the cost production of
2687 and 3375 UAHIt, the net income of 5.06 and
4.10 thousand UAH/ha and the profitability level of
77.5 and 41.3 %, respectively. The use of the mold-
boardless tillage system has led to the shortage of
0.18 and 0.23 tons of grain per 1 ha, 0.71-0.92 thou-
sand UAH/ha of net income and the reduction of prof-
itability to 68.1 and 32.7 %, respectively.

It should be noted that when achieving the goals
of protecting soil from erosion and loss of its fertil-
ity, the use of a soil protection moldboardless tillage
system is the most attractive variant. In this case, the
reduction in productivity, income per 1 ha and cost
payback is insignificant compared to the variant of
applying zero technology with high expenditures of
plant protection means. This reduces its value from
the point of view of ensuring the ecological purity of
soil and products. It should be added that according
to the results of the study, the highest income per
1 hectare of sowing and cost payback have been pro-
vided by the variants where fertilizers were not used,
that obviously connected with their excessively high
cost in conditions of disparity in prices for products of
agro-industrial complex (AIC).

The study of the effectiveness of the use of vari-
ous tillage systems has showed that when growing
row crops, such as corn for grain, forming the best
indicators of productivity, cost of 1 ton, net income
per 1 ha and level of profitability was provided
by the moldboard tillage system both against the
background without fertilizers and when applying
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nitrogen-phosphorus-potassium fertilizer at a dose of
45 kg a. s. per 1 ha. Thus, on the unfertilized back-
ground, when using the moldboard system of tillage,
5.48 t/ha of corn grain and 17.2 thousand UAH/ha of
netincome were obtained. In the least efficient variant
of use of "zero" technology it was obtained 4.37 t/ha
of grain and 12.0 thousand UAH/ha of net income at
the level of profitability of 204.4 and 141.5%, respec-
tively. At the same time, although fertilizing at a dose
of N4sP4sKss has provided an increase in corn yield to
6.09-6.55 t/ha, it led to increase in the cost of prod-
ucts and decrease in profitability to 133.5-157.4%.
The yield growth factor has provided an increase in
the amount of netincome from 1 ha to 16.3—-18.7 thou-
sand UAH/ha.

However, it should be noted that the use of soil
protection moldboardless tillage system can be rec-
ommended as the variant that provides a competitive
level of corn yield (5.07-6.22 t/ha), as well as suffi-
ciently high indicators of the net income per 1 hectare
of sowing and the level of profitability (15.8—-17.6 thou-
sand UAH/ha and 154.0-198.6%, respectively). In
addition, its main advantage is the prevention of
losses of soil fertility, which is an extremely relevant
issue when growing a low-efficiency row crop, which
the corn is in terms of its ability to protect the soil from
erosion.

Sunflower cultivation using traditional technology
with application of plowing also has showed the best
results both in terms of products yield per hectare of
sowing and amount of net income, as well as cost
payback on both studied fertilizer backgrounds. The
worst indicators, as in other similar variants, have
been formed in the case of using No-till technol-
ogy. According to the results of the study, the mold-
boardless tillage technology have been recognized
as the most appropriate one for growing sunflower
from the point of view of combining its soil protec-
tion ability with economic indicators that were formed
at a fairly high level. Thus, when the yield was of
2.36 t/ha against a background without fertilizers and
2.75 t/ha on a fertilized background, the net income
has amounted to 18.13 and 18.75 thousand UAH per
1 haand 2.99 and 1.99 UAH per 1 UAH of production
expenditures, respectively.

Analysis of energy efficiency indicators for the use
of various tillage systems in crop rotation has shown
that in most variants, the products with the lowest
level of energy content and the highest coefficient of
energy efficiency were obtained using No-till technol-
ogy (table 2). At the same time, the best indicators
have been formed when growing corn which is the
most productive crop (1338 MJ/t and 11.95 on an
unfertilized background and 1502 MJ/t and 10.65 on
a fertilized one, respectively) (table 2). The products
with the highest level of energy content of 1 ton and
the lowest coefficient of energy efficiency have been
obtained in the variants where plowing was used.
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Table 2
Energy efficiency of tillage systems in crop rotation depending on the fertilizer background
Energy
- - Total energy Energy Gross energy
b : :kr:;:‘lcfSrr\ d Tillage system Y|eld,1tﬁgs per consumption 01? ;":Lenn:)f efficiency increase per 1
per 1 ha, MJ products, MJ coefficient ha, GJ
Winter wheat
Moldboard 4,68 10291 2199 7,48 66,70
Without Soil protection
fertilization | moldboardless 441 9545 2164 7,60 63,01
No-till 4,41 8962 2032 8,10 63,59
Moldboard 5,27 13072 2481 6,63 73,63
Soil protection
NusPasKas moldboardless 5,05 12361 2448 6,72 70,72
No-till 4,91 11681 2379 6,92 69,10
Sunflower
Moldboard 2,53 7128 2817 6,33 37,98
Without Soil protection
fertilization | moldboardless 2,36 6430 2r24 6.54 3565
No-till 2,24 5866 2619 6,81 34,07
Moldboard 3,07 10116 3295 5,41 44,62
Soil protection
NasPasKas moldboardless 2,75 9231 3357 5,31 39,80
No-till 2,60 8631 3320 5,37 37,73
Spring barley
Moldboard 2,43 8210 3379 4,87 31,77
Without Soil protection
fertilization moldboardless 2,25 8018 3564 462 29,00
No-till 2,12 7438 3508 4,69 27,44
Moldboard 2,94 10966 3730 4,41 37,40
Soil protection
NusPasKas moldboardless 2,71 10731 3960 4,15 33,85
No-till 2,52 10099 4008 4,11 31,36
Corn for grain
Moldboard 5,48 7585 1384 11,56 80,07
Without | Soil protection 5,07 6916 1364 11,73 74,18
fertilization moldboardless
No-till 4,37 5848 1338 11,95 64,05
Moldboard 6,55 10513 1605 9,97 94,26
Soil protection
NasP2sKas moldboardless 6,22 9889 1590 10,06 89,61
No-till 6,09 9148 1502 10,65 88,27

The variants where spring barley and sunflower
were grown on a fertilized background have become
exceptions. Here, the moldboard tillage has shown the
advantages with the energy content of 1 ton of prod-
ucts of 3379-3730 and 3295 MJ and the energy effi-
ciency coefficient of 4.41-4.87 and 5.41, respectively.

In the variants where agricultural crops were grown
using plowing, the highest level of yield was achieved,
so the highest increase in gross energy per 1 ha was
obtained here (from 31.77-37.40 GJ for growing spring
barley to 80.07—94.26 GJ for growing corn).

The use of a soil protection moldboardless tillage
system has contributed to the formation of energy
efficiency indicators, which, as a rule, occupied an
intermediate position in relation to the other two sys-
tems. Thus, the indicators of energy content of 1 ton

have ranged from 1364-1590 MJ/t in the cultivation
of corn for grain to 3564—-3960 MJ/t in the cultivation
of spring barley. The energy efficiency coefficient
has been 10.06-11.73 and 4.15-4.62, and gross
energy increase per 1 ha has been 74.18-89.61 and
29.00-33.85 GJ, respectively.

Conclusions. In general, according to the results
of the research, it can be concluded that in the con-
ditions of the northern Steppe of Ukraine, the mold-
boardless tillage system should be recognized as the
recommended tillage system for all the studied crops
in the crop rotation. Its use allows saving expenses
per 1 ha of sowing and per 1 ton of products and
also obtaining close or even higher economic indi-
cators compared to the moldboard tillage system at
the profitability level from 32.7-198.6 % against the
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background of N.sP.sKss to 68.1-298.5 % against the
background without fertilizers. This system performs a
soil protection function and does not cause such pol-
lution of products and soil with pesticides as the No-till
system, which, by the way, is the most expensive due
to the need to increase the environmentally dangerous
chemical load per hectare of crops.

The use of fertilizers in the technology of growing
agricultural crops is stipulated not only by the goal of
increasing the yield per hectare of sowing but also the
need to compensate for the nutrients that plants carry
out of the soil. However, amidst disparity in prices for
products of AIC, the use of high doses of fertilizers,
as a rule, does not pay off with a sufficient increase
in the value of products and leads to a decrease in
corresponding economic indicators. This trend has
been observed in recent years in most of the experi-
ments conducted by the SE Institute of Grain Crops
of NAAS, and it indicates the need to take measures
for state regulation of relations in the country's agro-
industrial complex, including support for domestic
agricultural producers.

It was revealed that in most variants, the least
energy content of products and the highest coeffi-
cient of energy efficiency have been obtained when
using No-till technology. At the same time, the largest
increase in gross energy per 1 ha has been provided
by the use of a moldboard tillage system, which best
contributes to the realization of crop yield potential.
The use of the soil protection moldboardless tillage
system has been contributed to the formation of
energy efficiency indicators, which, as a rule, occu-
pied an intermediate position relative to the other two
systems. Thus, the coefficient of energy efficiency
ranged from 4.15-4.62, when growing spring barley
to 10.06-11.73 when growing corn for grain.

The search for the optimal ratio of indicators of
economic and energy efficiency defined for different
systems of tillage in the natural climatic conditions of
the northern Steppe prompted us to make a choice
in favour of a soil protection moldboardless system.
It allows us to get sufficiently high indicators of pro-
ductivity and net income per hectare of land, as well
as payback of material, money and energy expenses,
while achieving the goal of ensuring soil protection
from erosion and reducing pollution of soil and prod-
ucts with pesticides. Depending on the weather and
climatic conditions and the state of soil moisture
availability in the field crop rotation of the northern
Steppe of Ukraine, it is expedient to carry out plowing
on part of the area (on the noneroded lands with a
slope steepness from 0 to 10), and apply differenti-
ated tillage techniques.

The development of effective adaptive technolo-
gies in plant growing requires the further research in
the direction of optimizing tillage systems, taking into
account the perspectives of the transfer of varietal,
technical and technological innovations.
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