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BbipaboTka cTpaterm no ynpasfieHWIo 3acyxom u
CMSMMeHUIo ee MOCMEACTBUA [OIMKHA OCHOBbLIBATLCA Ha
KoopavHaumM nHpopmaumm 1 céope AaHHbIX OT pasnuy-
HbIX opraHu3auuii. [MNpyu aTom HeT HeobxoaMmocTu cosna-
BaTb HOBbIE CTPYKTYpbl, YTO MoTpebyer 3Ha4UTernLHOro
BpemeHun 1 yeunun. fecatuatanHein npouecc [5, 6], npu-
HATBIA  OhMLManbHbIMM BeAOMCTBaMN ANns pas3paboTku
paLMOHaNbHBIX UM arpOKITMMaTUYECKUX NIIaHOB FOTOBHO-
CTU K 3acyxe, MOXHO MPU Haafexalmx U3MEHEHUsX 1c-
nonb3oBaTth 1 B AzepbarimxaHe. STu aTanbl criegytoLuye:

1. ®opmMupoBaHue HaumoHanbHoM paboyert rpynnbl
no npobrnemam 3acyxm.

2. OGbsiBNEHNE OCHOBHOW LNy 1 Noaxonos pabo-
Yeu rpynnebil.

3. PaspaboTka opraH13aLnoHHON CTPYKTYpbl pabo-
Yen rpynnbl 1 NOAroTOBKa NiaHa Ha criyyanm 3acyxu.

4. VHTerpaumsa Hayku, TEXHOMOrUA U MOMUTUKA Y
NMKBMOALMS MHCTUTYLMOHANbHBIX NPoGenos.

5. PaspaboTka OpraHM3aLMOHHON CTPYKTYpPbl U
MOAFOTOBKA MflaHa Mo NPeodONEeHNIO 3acyxu.

6. VHBeHTapu3aums npuvpOOHbIX PEeCcypcoB Ha
Hay4HOW OCHOBE.

7. Peannsauus nnaxa.

8. PaspaboTka nmporpamm Mo pacrnpocTpaHeHuto
3HaHWN.

9. Pacnpepenenne pecypcos, koopauMHaums oH-
0B BHELLHEN (MeXayHapoaHOM) NOMOLLW.

10. OueHka nocneacTeuii 3acyxu.

BbiBoa. Takum oGpasom, cTpaternsi roToBHOCTMN K
3acyxe HanpasneHa Ha MCMonb3oBaHWe NoAxoda, OCHO-
BAHHOTO Ha MPUHLUMNE NPEBEHTVBHOCTU W yMpaBreHus
pucKaMu 3acyxu, YTO COKpaLLaeT ysa3BMMOCTb, Nepeopu-
eHTVpyeT Oyaylume HaumoHanbHble NporpaMMbl passu-
TUS U YKPENneHns KoopaMHaLUMM CPOYHOM MOMOLLM pas-
NUYHBIX opraHu3aumin. [Mpouecc paspaboTky nnaHa
MO3BOMNUT OnpeaenuTb Ya3BUMbIE palioHbl, YETKO 06o-
3Ha4NTb 30HbI, FPYNMbl HaCeneHus, 3KOHOMUYECKME |
3KOMormyeckme cektopa.

B KoHeyHOM uTOre, cTpaTerym rotoBHocTv OyayT
CnocobCcTBOBaTL  COBEPLUEHCTBOBAHUIO — MEXBEOOM-
CTBEHHOW KOOPAMHALMM roCcyAapCTBEHHbIX U Herocyaap-
CTBEHHbIX OpraHu3auui, NoBbiLeHNO 3deKTUBHOCTH
MOHMWTOPWHra, OLEHKW, pearpoBaHus Ha AeduumT oc-
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HOBHbIX HYXX[, @ MMEHHO BOAbl, MPOAYKTOB MUTaHWUS ©
KopMoB, OyayT cnocobcTBoBaTh AOBEAEHWNIO MHGOpMa-
UMM OO0 OCHOBHbIX Monb3oBatenen n agdeKkTUBHOCTU
pacnpenerneHne pecypcoB. 3agaqun 3TUX NiaHoB COCTO-
AT B TOM, YTOObI COKPaTUTb NOCNEACTBUS, CBA3AHHbLIE C
AedunumTom BoAbl, MPOAOBOMLCTBUS 1 KOPMOB, YenoBe-
Yyeckue CTpafiaHns 1 KOHPNVKTBI MeXay noTpedutensamm
BOZbI U APYTNX NPUPOAHBIX PECYPCOB.

OTN NnaHbl OOMKHbI CMOCOOCTBOBATb YKPEMNIIEHMIO
onopbl Ha COOCTBEHHbIE CUIbl B pesyrnbTate cucteMartu-
YECKOro peLUEHNs] OCHOBHbIX NpPobneM Ha paioHHOM,
0obnacTHOM, perMoHanbHOM Uy HaUMOHaNbHOM YPOBHE.
[na obecnevyeHuss yCnewHOCTU MraHOB FOTOBHOCTU K
3acyxe HeobxoaMmo obecneunTb UX MHTerpauuio B pa-
60Ty BCexX ypoBHEW OpraHoB yNpaBneHusi U HauyoHarb-
Hble MnaHbl UNW cTpaTerny, HanpaeneHHble Ha obecne-
YeHve NPoJOBONbCTBEHHOW Ge30nacHOCTK, ynpasrneHve
NPUPOAHBIMM  PECYPCaMU N COXPaHEHME MOYBEHHbIX
pecypcoB Anst 60pbObl C ONYCTbIHMBAHNEM.
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Introduction. The main criteria for energy assess-
ment of the crop cultivation technologies is the coefficient
of energy efficiency, which is defined as a ratio of the
gross energy contained in the grown produce to the total
energy spent on its obtaining.

It is important to determine the structure of expens-
es which can help to reveal the reserves of decreasing
the energy and money expenses related to logistical
supplies in particular fertilizers, protection means, fuel

12

and oil materials, irrigation water, electric power.

The coefficient of energy efficiency enables to dis-
play all components of the single constant (MJ, GJ, kcal
and so on) in contrast to the cost factors that are subject
to significant fluctuations due to the lack of stable prices
on agricultural products [1].

Therefore, the need for scientific substantiation of
ecologically safe and energy efficient soil tillage systems
is urgent and significant in order to define their impact on
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the main indices of soil fertility and yielding capacity of
crops grown in rotation under irrigation [2,3,4].

The object of research is different methods of soil
tillage in crop rotation under irrigation and systems of
machines and tools.

The aim of research is to determine the total energy
consumption and gross energy output using the cultiva-
tion technologies based on different methods and depths
of soil tillage for the crops in rotation.

Materials and methods. The research was con-
ducted in the four field crop rotation under irrigation in the
experimental field of the Institute of Irrigated Agriculture
of NAAS in the area of the Ingulets irrigation system with
the water duty of 0.35 — 0.4 I/s/ha during 2011-2013. The
five systems of primary soil tillage which differ in meth-
ods, depth of loosening and consumption of non-
renewable energy for their implementation were studied
(Table 1).

Table 1. — Scheme of the stationary experiment for studying methods of primary soil tillage in four field

crop rotation under irrigation

Tillage for the crops in rotation
Ne System of primary soil tillage maize for silage . winter rape winter barley
making winter wheat
1 ('\jﬂeopl)(tjr?soard tillage with different 28-30 (p) 20-22 (p) 25-27 (p) 23-25 (p)
2 ggstrﬁs'ess tilage with different | 55 3 (ch) 20-22 (ch) 25-27 (ch) 23-25 (ch)
Boardless tillage with the
same depth 12-14 (d) 12-14 (d) 12-14 (d) 12-14 (ch)
Differentiated — 1 20-22 (p) 12-14 (ch+s.c) 14-16 (ch) 12-14 (ch)
5 Differentiated — 2 28-30 (p) 6-8 (d) 14-16 (ch) 14-16 (ch)

Note: p — ploughing; ch — chisel loosening; s.| — surface loosening; s.c — soil compaction; d — disc harrow tillage.

The crop rotation is located in time and space. The
technologies of cultivating agricultural crops are generally
admitted for irrigation conditions in southern Ukraine. The
experiment was repeated four times, the area of the plot
sown was 450 m2, the area of the plot recorded was 50
m?. The varieties and hybrids of agricultural crops listed
in the Register of plant varieties suitable for spreading in
Ukraine were sown in the experiment [5].

The energy efficiency of the methods of primary soil
tillage and cultivation technologies of agricultural crops
based on them was determined using generally accept-
ed methods [1,6,7].

The results and discussion. The sets of ma-
chines and units that were used for the researched
methods of primary soil tillage significantly differed
among themselves in labor productivity, consumption of
non-renewable energy, both materialized and anthropo-
genic, that is why, taking into account all the material and
experience gained in Ukraine, we have tested various
combinations of methods and depths of primary soil

tilage for agricultural crops of four field crop rotation
under irrigation. To determine the energy consumption of
certain technological operations and technologies in
general, we evaluated the energy consumption of differ-
ent methods of primary soil tillage for every agricultural
crop of the crop rotation. On the basis of the calculations
obtained the energy consumption per hectare of the crop
rotation area was determined.. As you can see from the
table 2, the highest energy consumption was observed
when applying the system of primary soil tillage with
different depths and layer rotation and amounted to
1567.2 MJ/ha of the crop rotation area. The systems of
shallow boardless primary soil tillage with different and
equal depths promoted reducing energy consumption by
37.2 and 68.1%, respectively. The anthropogenic energy
consumption when applying the differentiated system of
primary soil tillage (version 4) with soil compaction and
ploughing in the rotation made it possible to decrease the
expenses by 27.5% in comparison with the system of the
ploughing with different depths (Table 2).

Table 2. — Energy consumption when applying different systems of primary soil tillage in crop rotation,

MJ/ha
Tillage for the crop in rotation
: P maize for . . Mean in the
System of primary soll tillage silage xwég; winter rape wmtlczr bar- crop rotation
making y

(';"eog‘t’r?soard tilage with different | 471 5 1335.6 1686.6 1465.3 1567.2
Boardless with different depths 1136.7 746.3 1082.5 969.6 983.8
Boardless with equal depths 499.4 499.4 499.4 499.4 499.4
Differentiated — 1 1335.6 2120.0 592.6 499.4 1136,9
Differentiated — 2 1781.2 363.0 592.6 592.6 832.3

The system of differentiated primary soil tillage pro-
vided decrease of the total energy consumption by
46.9% , when one ploughing to the depth of 28-30 cm for
maize for silage making in the crop rotation took turns
with boardlees loosening (twice) to the depth of 14-16 cm
for winter rape and barley and surface (8-10 cm) tillage
for winter wheat.

Determining the energy intensity of cultivation tech-

nologies agricultural crops based on different methods
and depths of loosening made it possible to find out that
decrease in the expenses for primary soil tillage several
times, had a little impact on the energy intensity of culti-
vation technologies in general. Thus, when applying
ploughing in the system of moldboard soil tillage with
different depths, the energy consumption was 37.8
GJ/ha, in the case of chisel tillage in the system of shal-
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low boardless soil tillage with equal depths it was by
6.9% less, and in the case of differentiated-2 it was by
5.3% less. It is connected with the fact that unit costs for
primary soil tillage ranged from 1% to 3% of the energy
intensity of cultivation technologies per 1 ha of the crop
rotation area.

As a result of the calculations it was found out that
the highest coefficient of energy efficiency was provided
by the cultivation technology in the system of differentiat-
ed primary soil tillage (version 5), when one ploughing to
the depth of 28-10 cm for maize for silage making in the
crop rotation alternated with boardless loosening (twice)
to the depth of 14-16 cm for winter rape and barley and
surface tillage (6-8cm) for winter wheat. The coefficient of
energy efficiency in the options of moldboard tillage with
different depths (version 1) and differentiated system with
one lossening and ploughing for maizr for silage making
(version 4) had similar values and amounted to 2.17 and
2.23, respectively. The applicaton of shallow boardless
soil tillage for all the crops in the crop rotation (version 3)
reduced the recoupment of expenses compared with the
systematic moldboard soil tillage with different depths
by 6.9%.

The basis of environmental, economic and energy
efficiency of primary soil tillage in the four field crop rota-
tion on dark chestnut loamy soils is not only formed by

the production effect as the difference between the cost
of production and the expenses for cultivation, but also
by the environmental impact which includes saving non-
renewable energy consumption that should be used to
preserve and restore soil fertility. Owing to environmental
and economic evaluation of the operation of the agroce-
nosis studied we found a positive impact of the differenti-
ated systems of primary soil tillage and the systems with
different depths for the formation of humus reserves. An
average annual increase of humus during the years of
research in these versions ranged from 17.4 to 21.9
GJ/ha or 0.81-1.02 t/ha and only in the case of long term
application of shallow boardless soil tillage with equal
depths (12-14 cm) the intensity of accumulation of organ-
ic matter in the soil layer of 0-40 cm was 2.5-3 times less
(0.34 t/ha) and was formed by means of enrichment of
the top soil layer (0-15 cm). Total energy consumption for
works concerning the soil preparation, sowing, treatment
of crops, irrigation and harvest calculated per hectare of
the crop rotation area in the version of the ploughing with
different depths amounted to 37.8 GJ, in the version of
boardless loosening with different depths it was 36.4 GJ,
in the version of shallow tillage with equal depths it
amounted to 35.2 GJ, in the case of differerntiated sys-
tems of soil tillage it was 36.7 Ta 35.8 GJ, respectively
(Table 3).

Table 3. — Energy recoupment of cultivation technologies of agricultural crops of four-field crop rotation

under irrigation

Energy con- Energy In((:errt]e;sgeyof +-1to the
System of primary soil tillage sumption of consumption of consumption control, CEE
technologies, the yield, f the vield GJ/h
GJ/ha GJ/ha otthe yield, a
GJ/ha
(l;/leo;?r?soard tillage with different 378 82 2 a4.4 ) 217
Boardless with different depths 36.4 75.8 39.4 -5,0 2.08
Boardless with equal depths 35.2 71.0 35.8 -8.6 2.02
Differentiated — 1 36.7 82.0 45.3 +0.9 2.23
Differentiated — 2 35.8 82.0 46.2 +1.8 2.29

Note: CEE - coefficient of energy efficiency

In general, the highest average annual ecological
and economic efficiency (21.8 thousand UAH) calculated
per hectare of the crop rotation area was obtained in the
version of the primary soil tillage with different depths
with the layer rotation. The versions with differentiated
systems of soil tillage were close in the efficiency. In this
case an average annual ecological and economic effect
amounted to 42.9 and 41.7 thousand UAH. The calcula-
tion of environmental and economic efficiency of the four

field crop rotation according to the researched systems
of primary soil tillage taking into account soil protective
action of agricultural crops, the level of mineralization of
organic matter and the yield obtained showed a lower
total environmental and economic impact of the studied
four versions of differentiated and boardless systems of
primary soil tillage compared to the tillage with different
depths based on the application of tools of the mold-
board type (Table 4).

Table 4. — Environmental and economic efficiency of operation of four-field crop rotation under irrigation
depending on different methods and systems of primary dark chestnut soil tillage

Energy Also at the expense of: Totallaverage annual | +, —to con-
System of primary soll tillage increa- yield, humus, egggggminé?flei?d thtcgﬁléand
seGJ/ha GJ/ha GJ/ha ... thousand UAH/ha UAH/ ha
Moldboard tillage with differ-
ent depths 104.1 82.2 21.9 43.6 -
Boardless with different
depths 94.4 75.8 18.6 39.6 -4,0
Boardless with equal depths 78.2 71.0 7.2 32.8 -10.8
Differentiated — 1 102.3 82.0 20.3 42.9 -0.7
Differentiated — 2 99.4 82.0 17.4 41.7 -1.9
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Scientific production research and approbation
of the worked out methods of primary soil tillage
were conducted in the SOE «Experimental farm of
Askaniyske» of the Institute of Irrigated Agriculture
of the NAAS in the area irrigated by the Kakhovka
irrigation system using the water duty of 0.4- 0.45
I/s/ha. The data experimentally obtained were con-
firmed in the stationary experiments by means of
long term application of the systems of primary soil
tillage and use of the soil tillage machinery and
agricultural implements with different designs of
working elements and irrigation equipment such as
«Fregat» and «Zimmatic». During the three years of
research 1.8-2.2 vegetation watering with the rate of
800-1200 m* per 1 ha of the crop rotation area took
place depending on the hydrothermal conditions of
vegetation period.

Conclusion. Applying the systems of mold-
board (with different depths) and differentiated pri-
mary soil tillage under irrigation conditions and us-
ing agricultural implements with different designs of
working elements facilitate implementation of the
potential yielding capabilities of the varieties and
hybrids of agricultural crops and provide the produc-
tivity of crop rotation at the level of 82.0-82.2 GJ/ha
(the output of gross energy).

The highest environmental and economic ef-
fect, taking into account monetary and energy as-
sessment of increase of humus reserves (0.81-1.02
t/ha per year, or 20.3-21.9 GJ/ha) was observed in
the options with different tillage depths and differen-
tiated systems of primary soil tillage and amounted
to 42.9-43.6 thousand UAH.
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BMNIMB PEMYNATOPA POCTY PEFOMNAHT HA YPOXAUHICTb
TA TEXHOJTIOIYHI MOKA3UKU AKOCTI HACIHHA CA®JIOPY KPACUJIbHOIO
B YMOBAX JIICOCTENY 3AXIAHOIO

COJIOHEHKO C.B.

XOMIHA B.A. — nokTop c.-I. Hayk, npodecop
MoAinbCbkM AepXaBHUI arpapHO-TEXHIYHWUIA YHIBepcuTeT

MocTaHoBKa npobnemu. Cadriop KpacunbHUA —
Le oninHa, nikapcbka i kopmosa kynstypa. Cepen, kpaiH
6nm3bkoro 3apybiioks cacnop BMPOLLYIOTL SK KOPMOBY
KynbTypy Ha GorapHux 3emnax B KasaxcraHi, Y30eku-
cTaHi, TagpkukncTaHi Ta B Pocii, Wo CnoHykae 4o npose-
OEeHHs1 JocniaKeHb Ha Ui KynsTypi y pisHUX HanpsiMkax
il BUKopucTaHHsA. B YkpaiHi B ocHoBHOMY cadbhriop BUpO-
LLYIOTb SIK OMiliHy KynkTypy. Vloro HaciHHa MicTuTh 25—
37 % (y sopi 46-60 %) HaniBBMCMXato4Oi onii (MogHe
yucno — 115-155) i po 12 % 6inka. Onis, nobyTta 3 soep
HaciHHA cadnopy, He NOCTYNaeTbCA 38 CMaKOBUMU KO-
CTSMWN COHSILLIHMKOBIN, 1i BMKOPUCTOBYIOTb Y Xap4oBWX
Linsx, 3oKpema Ons BUrOTOBIEHHS MaprapuHy BUCOKOI
akocTi. Onis, ogepXxaHa 3 Linoro HaciHHsl, Mae ripKyBa-
TUA NpuUCMak, il BUKOPUCTOBYKOTb SIK TexHiuHy [1].
CadnopoBa onis  — MpekpacHe [KEpPeno MarHito,
BiTamiHiB (B1, B2, PP, E, B-Tokodepon), B Hill Takox
MICTATbLCA KapoTUHOIAKW, niHonesa kucnota (ao 90 %)
(knac Omera-6), a BoHa € He3aMiHHO Ans MACHKOro
opraHiamy. Tomy, cacnop BONoAie LiHHAMU NiKyBanbHW-

MW BriactMBocTsiMU. [po 6araTuil  KUPHOKUCIOTHWUIA
cknag onii cadnopy Ta UiHHI fikyBanbHi BMacTUBOCTI
BKasdytoTb M.M. laspuniok, B.H. Canatenko, A.B. Yexos
Ta M.l. ®epopuyk [2].

Mpote, kyneTrypa B ymoBax Jlicocteny goci mano
noLumMpeHa i gy>xe Mano nybnikaui LWoao BUKOPUCTaHHSA
il B pi3HWX rany3six Hapo4HOro rocrnoaapcTBa.

CtaH BMBYEHHA npo6Gnemu. Cadcriop Kpacunb-
HUI — NOCYXOCTiliKa, KapoBUTpMBana i B Lirnomy HeBuba-
rmvBa OO0 YMOB BMPOLLYBaHHS KyrbTypa, TOMYy BOHa
npeacTaBnse iHTepec Hacamnepen Ans CTENOBMX pawt-
OHiB YkpaiHn. B He3powyBaHux ymosax [MiBgHA YkpaiHu
BMBYaNMUCb MUTaHHSA TEXHOIMOTT BUPOLLYBaHHS LIET Kynb-
TypyW, 30KpemMa BCTaHOBMEHa 3aNneXHiCTb YPOXamHOCTI
Bil BHECEHHs1 psay repbiumai. Tak, 3a pesynsratamu
pocnipkeHs Apgamenst @.®., MpowwnHoi 1.O. HarBuwa
YpOXanHiCTb cadnopy KpacurnbHOro copmysarnacb Ha
BapiaHTax i3 BHeceHHsM repbiumais Moan 2E — 1,5 1/ra,
Ctomn 330 — 1,48 1/ra, Ta lesarapa 500 — 1,46 1/ra [3].
Lvmn  x  HaykoBUSIMW  BCTAQHOBIMEHO BMMMB  Ha
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