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EFFICIENCY OF GROWING WINTER WHEAT DEPENDING ON THE SOIL
TILLAGE AND SOWING SYSTEMS
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' SE Institute of Grain Crops of National Academy of Agrarian Sciences, 14 Volodymyr Vernadskyi Str.,
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district, Donetsk region, 85330, Ukraine

The results of the analysis of the efficiency of winter wheat growing depending on the soil tillage and
sowing systems in changing hydrothermal conditions of Steppe zone are presented.

Weather conditions during the investigations were different, but in general favorable, which made it
possible to fully assess its influence of soil tillage and sowing systems on growth, development, grain
productivity and economic and bioenergy efficiency of winter wheat growing. It is established, that the
highest grain yield of winter wheat was formed in the variant of surface soil tillage and seeding with ATD-
6.35 and was 5,62 t/ha, which was for 0,12 and 0,16 t/ha more than the variant using the seeding machine
ATD-6.35 without tillage and seeding machine SZ-3.6 on surface tillage. Analysis of winter wheat grain
showed, that the protein and gluten contents in samples of variants 1 and 2, where the ATD-6.35 used were
higher compared to variant 3, where the SZ-3.6 used and amounted respectively to 12,7-13,3 and 24,0-
25,3 %.

At direct seeding observed the increasing the prime cost of 1 ton of grain, reducing the profitability
and the energy efficiency ratio, as compared to the surface tillage and seeding with sowing machine ATD-
6.35, respectively, by 124 UAH, 38,8 % and 1,17, and at seeding with SZ-3,6 — for 164 UAH, 53,5 % and

1,18.

Key words: winter wheat, soil tillage, seeding methods, crop yield, grain quality, economic and

bioenergy efficiency.

Winter wheat along with high crop yield
ability and grain quality, also characterized by
increased resistance to stressful environmental
conditions, makes it possible to significantly
reduce the production costs of labor and reso-
urces at its growing and increase the sustaina-
bility of grain production. Growing highly well-
adapted varieties is one of the cheapest ways to
meet the challenges of saving as well as pro-
vides an opportunity to increase crop yield and
improve its quality with little additional cost.
Important in such event is high environmental
requirements to soil structure and to predeces-
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sors [1-3].

Winter wheat has high requirements to soil
structure and to predecessor. Growing it accor-
ding to biological requirements always increases
productivity. When implementing scientifically
based soil tillage made the rotation factor as
element of biological agriculture. It stabilizes
productivity level even without fertilization. Soil
tillage and sowing systems of winter wheat have
a positive effect on water and nutrient regimes
of the soil, and in combination with fertilizers
and other means of growing technology yields
increased by 35-50 % at stable indicators of soil
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fertility. In the current socio-economic farming
conditions, aggravated by climate change, the
development and implementation a varietal
agro-technology of most adapted grain crops
in specific soil and climatic conditions and the
development of resource-saving technology
elements based on the fullest possible use of
plants biological potential has a practical in-
terest and is an actual problem for modern
plant growing [4-7].

Material and methods. Production testing
the feasibility of using soil tillage and sowing
systems of winter wheat were carried out in SE
EF "Dnipro” IGC NAAS in Soloniansky district,
Dnipropetrovs’k region (field Ne 7, division
Ne 2) during 2008-2010 in crop rotation link:
pea — winter wheat — sunflower.

In field experiment were studied the effec-
tiveness of these technological schemes of win-
ter wheat growing variety Kuial’nyk: 1 — notil-
lage, seeding with seeding machine ATD-6.35;
2 — surface tillage, seeding with seeding machi-
ne ATD-6.35; 3 — surface tillage, seeding with
SZ-3.6. In variant 1 after harvesting predecessor
and regrowth of weeds (on August) used a her-
bicide mixture (vulkan — 4 I/ha + esteron —
1 I/ha). Technology of surface tillage (var. 2 and
3) included soil disking with BDT-7 at a depth
of 8-10 cm, subsurface loosening with combi-
ned aggregate KR-4,5 at a depth of 10-12 cm,
pre-sowing cultivation with KPS-4 at a depth of
6-8 cm. Other agro-technical elements — were
generally accepted for Steppe zone [8, 9].

Seeding rate of winter wheat was 5 million
pcs. of germinated seeds/ha. Sowing time — Oc-
tober, 1. At the end of tillering phase of plants in
spring the sowings were locally dressed by am-
monium nitrate (N3p).

Results and discussion. Weather conditi-
ons during 2008-2009 were favorable for winter
wheat growing. Abundant rains in the second
half of September have created good prerequ-
isites for obtaining even sprouts and plant estab-
lishment.

At the time of sowing winter wheat
(01.10), the productive moisture reserves in the
top soil (0-10 cm) were sufficient for the emer-
gence of seedlings. The average daily tempera-
ture of the first decade of October was 13,8 °C,
the second 11,0 °C and the third 8,0 °C, that ex-
ceeded the average long-term data for this indi-
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cator by 3,0 °C, 2,2 ° and 2,2 °C respectively.
This contributed to the early and even sprouts.
In October and November observed elevated air
temperature conditions.

Ceasing of autumn vegetation (CAV) of
winter wheat was marked only on December, 8.
Wintering of crops was successful. Retrieval of
spring vegetation (RSV) of winter wheat plants
was marked on March, 30 in the period which
was close to the long-time average annual date.
Weather conditions of the winter period
contributed to the good overwintering of wheat
winter. The general physiological state of plants
and shoots at the time of the restoration of
spring vegetation was evaluated as good. This is
confirmed by the results of the growth of winter
plants in soil monoliths.

In general, the spring months were cool.
Thus, April was dry, but due to rain fall in May,
the winter wheat was well developed. In general,
the development and spreading of diseases and
pests in winter wheat crops was not rampancy,
revealed differences in terms of their harmful-
ness for different tilling and sowing technologies
were non-substantial and could not be conside-
red as a determining factor in terms of the pos-
sible impact on the formation of winter wheat
productivity.

The heading phase in all variants of the
experiment was marked on June, 3, and the com-
plete grain ripeness was fixed on July, 7. The
analysis of the structural productivity elements
of winter wheat plants, which was determined
by selecting the test shears in the pre-harvest
period, showed that at direct seeding of winter
wheat using the seeding machine ATD-6.35
contributed to an increase in the indicators of the
density of productive stems for 7,4 and 20,9 %,
a decrease in the grain weight out of 1 ear for
0,11-0,27 g and the weight of 1000 grains for
2,8-4,7 g compared with the use of surface til-
lage and seeding with seeding machine ATD-
6.35 and SZ-3.6. The highest grain yield of win-
ter wheat was formed in the variant that menti-
oned a surface soil tillage andseeding with
ATD-6.35 and was 5,62 t/ha, which was for 0,12
and 0,16 t/ha more than the variant using the
seeding machine ATD-6.35 without tillage and
seeding machine SZ-3.6 on surface tillage. The
combination and correlation of these indicators
and determines the level of the formed crop
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yield. Thus, the highest grain yield of winter
wheat was formed in the variant that mentioned
a surface soil tillage and seeding with ATD-6.35
and was 5,62 t/ha, which is 0,12 and 0,16 t/ha

more than the variant using the seeding machine
ATD-6.35 without tillage and seeding machine
SZ-3.6 on surface tillage (Fig. 1).

Scientifically substantiated application of
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Fig. 1. Grain yield of winter wheat (t/ha), depending on the soil tillage and sowing systems.

growing technology based on no-tillage system
and direct seeding with ATD-6.35 resulted in an
increase in grain protein content up to 13,3 %
and gluten — to 25,3 %, which corresponds to the
requirements of class 2. As a result on the vari-
ant 1 (no-tillage and seeding with ATD-6.35,
these indicators were at grain class 3 (respect-
tively 11,7 and 22,9 %). Improvement of the pa-
rameters of grain quality at direct seeding of
winter wheat in 2009 is due to the formation of
small grains in this variant. Thus, at the lower
grain-unit mass, the proportion of proteins rela-
tive to carbohydrates (starch) is proportional
grows. Thus, by the results of research was not
installed the significant changes between the
variants of experiment on the influence of tilling
technologies on effective soil fertility and che-
mical composition of plants. Some trends that
determined were of a general character.
Transferring the obtained indexes of yield
structural elements of winter wheat into the pro-
gram of mathematical processing we got a gra-
phical model in which the corresponding para-
meters are displayed in each of the three lines —
variants of tilling and sowing methods, wherein:
the thin continuous line shows the notillage, see-
ding with sowing machine ATD-6.35; heavy
continuous line — surface tillage, seeding with
sowing machine ATD-6.35 and hatched line —
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surface tillage, seeding with SZ-3,6. The value
of each of 8 variables laid off by one of the ra-
diuses in order to better compare cases with
multi-dimensional view (Fig. 2).

Analysing the graphical model, it should
be noted that at no-tillage and sowing with
ATD-6.35 observed the highest manifestation of
the 3 elements of the structure (amount of pro-
ductive tillers per unit area, coefficient of pro-
ductive tillering and the length of the head), and
at the surface tillage and sowing with SZ-3,6 —
of 4 other (plant height, amount and weight of
grains per head, 1000 grains weight). Only at the
surface tilling and sowing method (with ATD
6.35), we noted the almost equal expression of
the 5 structure elements, which, even at a signi-
ficant reduction in plant height and reducing the
number of grains per head, have provided
formation the largest grain yield in experiment —
5,62 t/ha.

By the in-depth analysis of the economic
efficiency of using the different methods of soil
tillage and sowing systems shows that despite
the fuel economy and the reduction of labor
costs due to the direct sowing of winter wheat in
unprocessed soil by the ATD-6.35 complex, in
comparison with the generally accepted growing
technology, a significant increases in production
costs and total energy costs were noted. At the
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Fig. 2. Graphical display of structure elements and grain yield of winter wheat depending
on the tilling and seeding systems.

same time, at no-tillage, the total production
costs for the purchasing and application of her-
bicides and the using of energy-intensive (ex-
pensive in purchasing and servicing) of the com-
plex of sowing machines that do not cover the
expenses by the corresponding increasing in
crop yield, which leads to a significant rising in
products prices. Therefore, even in spite of sim-

plification of the production cycle, at the direct
seeding increases the prime cost of 1 ton of gra-
in, reduces the profitability and the energy effi-
ciency ratio, as compared to the surface tillage
and seeding with sowing machine ATD-6.35,
respectively, by 124 UAH, 38,8 % and 1,17, and
at seeding with SZ-3,6 — for 164 UAH, 53,5 %
and 1,18 (Table).

Economic and bioenergy efficiency of winter wheat growing after peas at different
methods of soil tillage and sowing systems

Method of soil tillage and sowing systems
Indicators No-tillage, seeding |Surface tillage, seeding with

with ATD-6.35 ATD-6.35 SZ-3.6
Crop yield, t/ha 5,50 5,62 5,46
Production costs per 1 hectare, UAH 6082 5518 5143
Prime cost of 1 ton of grain, UAH 1106 982 942
Profitability, % 207,5 246,3 261,0
Costs of total energy per 1 hectare, MJ 10948 9802 9521
Energy intensity 1 ton of grain, MJ 1991 1744 1744
Energy efficiency ratio 8,26 9,43 9,44

Thus, direct seeding of winter wheat with
sowing machine ATD-6.35 contributed to an in-
creasing in the indicators of density of producti-
ve stems by 7,4 and 20,9 %, and decreasing in
the weight of grain out of an ear by 0,11-0,27 g,
and the weight of 1000 grains — by 2,8-4,7 g in
comparison with the use of surface tillage and
seeding with sowing machines ATD-6.35 and
SZ-3.6.

The highest crop yield of winter wheat
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grain was formed in the variant that provided a
surface tillage and seeding with sowing mac-
hines ATD-6.35 and was 5,62 t/ha, which is 0,12
and 0,16 t/ha more than the variant using the
sowing machine ATD-6.35 at no-tillage and SZ-
3.6 at surface tillage.

Conclusions

Thus, based on the results of researches on
the efficiency of winter wheat growing systems,
the following conclusions can be led. Applying

https://doi.org/10.31867/2523-4544/0061 65



the direct seeding of winter wheat using the see-
ding machine ATD-6.35 contributed to an inc-
rease in the indicators of the density of produc-
tive stems for 7,4 and 20,9 %, a decrease in the
grain weight out of 1 ear for 0,11-0,27 g and the
weight of 1000 grains for 2,8-4,7 g compared
with the use of surface tillage and seeding with
seeding machine ATD-6.35 and SZ-3.6.

The highest grain yield of winter wheat
was formed in the variant that mentioned a sur-
face soil tillage and seeding with ATD-6.35 and
was 5,62 t/ha, which was for 0,12 and 0,16 t/ha
more than the variant using the seeding machine
ATD-6.35 without tillage and seeding machine
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Tocyoapcmesennoe yupesicoenue Hucmumym zeproswix kynomyp HAAH, yn. Braoumupa Bepuaockoeo, 14,

2. [uenp, 49027, Yxpauna

IIpedcmasnenvl pe3yrbmamsl onvlma no nPoOU3800CMEEHHOL NPOGEPKe U BHEOPEeHUI0 cucmem oopa-
bomku nousvl u noceea nueHuyvl o3umoil. Oceewjena IKOHOMUYecKas u OuoIHepeemuyeckas 3ppexmus-
HOCMb 8bIPAUUBAHUSL O3UMU NOO GIUSHUEM UCCAEOYeMbIX (PAKmMOpos.

Ha ocrnoeanuu sxcnepumenmanbHuix Ucciedo8anull yCmaHo8IeHo, Ymo NpsiMoli NOCe8 NUUEHUYbL 03U-
mot cesinxoui AT/-6.35 obycnosauean ysenuuenue niomuocmu npodykmuernoeo cmebaecmos Ha 7,4 u 20,9 %
u ymeHvuleHue maccol 3eprua ¢ koaoca Ha 0,11-0,27 e, a maccer 1000 3epen na 2,8-4,7 2 no cpasnenuio c
menxot obpabomkoil nousvl u nocesom cesiakamu ATH-6.35 u C3-3,6.

Camyro 8bICOKYIO YPOJICAUHOCIb NUEHUYA 03UMAsT CPOPMUPOBANA 8 8apuanme ¢ MeKou obpa-
bomkoii nousvl u nocegom cesiaxou AT/[-6.35 — 5,62 m/ea, umo na 0,12 u 0,16 m/za npesvriuaem sapuanmol
¢ ucnonvzosanuem cesnku AT/-6.35 no nynesoii oopadbomxe nousw u cesiiku C3-3,6 — no menxoti.

Ananuz 3epna nuenuybl 03UMOl 8 (haze NOIHOU CNEIOCU NOKA3AT, YMO CoOepiicanue benxa u Kiet-
KOBUHbBL 8 00pazyax 3epra uz eapuanmos 1 u 2, 20e nocee ocyuecmeusiics nocesoim komniexcom AT/[-6.35,
OvLIO BbIULE NO CPABHEHUIO ¢ sapuanmom 3 — coomeemcmeenno 12,7—13,3 u 24,0-25,3 %.

Ilpu npsimom cese nuenuybl 03uMOl 803pacmana cebecmoumocms 1 m 3epHa, CHUNCANCS YPOBeHb
peHmabenbHOCmU U YMEHbUALC KOIPOuyUeHm sHepeemuieckol 3(GexmusHocmu o CPAGHEHUI0 ¢ MENKOU
obpabomxou nouswl u nocegom AT/-6.35 coomsemcmeenno na 124 epn., 38,8 % u 1,17, a npu nocege C3-
3,6 —Hna 164 2pn., 53,5 % u 1,18.

Knrouesvie crosa: nuenuya o3umas, oopabomra noussl, CHOCOb HOCe8A, YPOliCAUHOCHb, KA4eCmEo
3ePHA, IKOHOMUUECKAS U OUOIHEP2emUYecKas 3P HeKkmusHoCmb.

VYIK 633.11«324»:631.51/.53.04

T'upxa A. /., Bunwkog O. O., I'upka T. B., boxkyn O. L, Kyauk A. O. E¢pexkmuenicmo supougysanus nute-
HUuUi 03uMOl 3a1e)CHO 6i0 cucmemu 00poGIimKy rpynmy ma cieou. 3eprosi kymemypu. 2019. T. 3. Ne I
C. 61-67.

Hepoiwcasna ycmanosa Incmumym 3epuosux kynomyp HAAH, gya. Bonooumupa Bepuaocvkoeo, 14,

m. [ninpo, 49027, Yxpaina

Bucesimneno pesynomamu oocnidy 3 eupobHu4oi nepegipku ma 6npoaodiCeHHs cucmem oOpoOIimKy
IpyHmYy Ul cigbu nuieHuyi 03uUMoi. 3'sc08aHO eKOHOMIYHY U OioeHepeemuyHy eheKxmugHiCmy GUPOUYBAHHSL
O3UMUHU NIO GNAUBOM OOCAIONCYBAHUX PAKMOPIS.

B pesynomami excnepumenmanbHux 00CiodceHb 6CMAHOGIEHO, WO NPAMA cisba nueHuyi o3umoi ci-
sanxor AT/-6.35 3ymoenosano 30invuenns winbHocmi npodykmugHozo cmebdrocmoro na 7,4 i 20,9 % ma
smenuentss macu 3epua 3 koaocy na 0,11-0,27 2, a macu 1000 3epen na 2,8—4,7 2 nopiensaHo 3 mMiaikum 06-
pobimxom tpyumy i cieboro cieanrxkamu AT/-6.35 i C3-3,6.

Hatibinewa spooscaiinicmo 3epua nuenuyi o3umoi oyna y eapiaumi 3 MiiKum 0o6podIimKom IPyHmMY i
cigboro ciganxorw AT/[-6.35 — 5,62 m/za, wo ua 0,12 ma 0,16 m/za nepesuuysano nOKA3HUKU 8apianmia 3 6u-
xopucmanmsam cisarku ATH-6.35 no nyrwosomy 0opobimxy i cieanxu C3-3,6 — no minkomy.

Ananiz 3epua nueruyi o3umoi 8 asi nosHoi cmueiocmi noKa3as, wo emicm OLIKA ma KAeuKosuHu 6
3paskax 3epra 3 eapianmie 1 i 2, Oe cisaiu nocienum xomnaexcom AT/[-6.35, 6y8 suwum nopisHaHo 3 eapi-
aumom 3 i cmarnoeue gionoesiono 12,7—13,3 i 24,0-25,3 %.

3a npsamoi ciebu nuwenuyi o3umoi nioguwysanaco codisapmicmo I m 3epHa, 3HUICYBANACL PeHma-
OenvHicmb | 3MEHWYB8ABCA KoeiyicHm eHepeemuyHoi epexmueHocmi NOpPIGHAHO 3 MIIKUM 00pobimKom
tpynmy i cieboio AT/[-6.35 sionosiono na 124 epu, 38,8 % ma 1,17, a 3a ciebu C3-3,6 — na 164 epn, 53,5 %
ma 1,18.

Knwuogi cnosa: nwenuysa o3uma, ob6pobimok rpyumy, cnocio ciebu, ypooicaiinicms, AKicms 3epHa,
eKOHOMIUHA ma bioeHepeemuyHa eqheKmueHicmb.
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