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Abstract. The paper presents the results of the studies conducted during 2012-2015 on common chernozem in
the Forest-Steppe zone of Ukraine with winter rapeseed of the Chempion Ukrainy variety. The influence of the
terms and methods of sowing and main tillage on seed yield was determined, which affected the indicators of the
economic efficiency of crop production. Their determination justifies the expediency of combining the following
elements: sowing in the first decade of September in rows (row spacing width 15 cm) on the background of
ploughing by 25-27 cm (as the main tillage). This technology on average for 2013-2015 provided the highest
level of yield - 4.54 t/ha and the following economic indicators: conditional net profit of 18.8 thousand UAH/ha,
profitability - 113.6%, cost of 1 tonne of seeds — 4.5 thousand UAH
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INTRODUCTION

According to these market relations, the cultivation of
all agricultural crops should be accompanied by the
determination of the main economic indicators. This
is especially important for the introduction of new
technology elements that are poorly researched for
the area. Each of them, in addition to their impact on
crop productivity, is characterised and differs in cer-
tain costs. It is most effective to make a profit that will
indicate the feasibility of implementing this element
of the technological process. Ultimately, without suffi-
cient crop growth, it will not be profitable.

The technology of growing winter rapeseed
has its own characteristics, it depends and changes on
the growing area, the economic viability of the farm,
the conditions of autumn vegetation, overwintering
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of plants, etc. The goal is to get both a high level of
yield and high-quality seeds at favourable economic
indicators.

LITERATURE REVIEW

The efficiency of winter rapeseed production depends
on the level of crop productivity and the area of use of
green mass or seeds. It is a valuable fodder and oilseed
crop. In terms of food and feed qualities, it surpasses a
number of agricultural

crops, including legumes. Due to the low con-
tent of erucic acid and glucosinolates in seeds, oil is
produced from it, and cake and meal are used in ani-
mal husbandry [1]. In recent years, biodiesel has been
produced from rapeseed seeds. This method of use
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caused a substantial increase in demand on the world
market and an increase in seed prices [2]. Therefore,
the task of any agricultural technology in the modern
period of management is to determine by research and
select the most effective elements of technology, test
them in zonal technologies for growing crops.

Any element of the improved technology should
not only help to increase the level of yield, but also
ensure, accordingly, optimal quality of grown products
and high economic indicators. In the cultivation of ag-
ricultural crops, including winter rapeseed, the com-
ponents of economic efficiency substantially depend
and change under the influence of the background of
nutrition, the characteristics of the variety or hybrid,
the time and method of sowing, the seeding rate, and
other factors [3-5]. Thus, after conducting a study with
three varieties of winter rapeseed in the conditions
of the Southern Steppe of Ukraine, it was determined
that the use of mineral fertilisers affects the growth of
conditional net profit and the level of profitability of
production of this crop. In particular, due to their influ-
ence, the profitability of cultivation in the context of
three hybrids increased by 1.9-4.1 times [6]. The author
justifies such results by a substantial increase in both
seed yield and conditional fat yield per unit area on
the background of fertiliser application with the max-
imum efficiency of their calculated dose. The greatest
influence on the indicators of economic efficiency of
the fertiliser background, including their dose calcu-
lated for the programmable level of yield, was also de-
termined for the cultivation of winter wheat varieties
in the conditions of the NSPC MNAU in the Southern
Steppe zone of Ukraine [7].

In addition to optimising nutrition in the cultiva-
tion of agricultural plants, it is advisable to investigate
other measures and elements of technology that are
low-cost and can substantially increase the productiv-
ity and quality of the crop [8-10]. The resource-saving
elements of technology and measures to avoid or mit-
igate stressful situations, in particular, the use of bio-
logics, should also be investigated, especially in recent
years, when climate change occurs [11,12]. The high
efficiency of using biologics to optimise the nutrition
of plants of two varieties of spring barley was also
established when determining the main indicators of
economic efficiency of growing this crop on southern
chernozem in the conditions of the NSPC MNAU [13].

The effectiveness of economic indicators is
largely determined by the weather and climatic condi-
tions of the year of crop cultivation, because the more
favourable the year for moisture content, the higher the
yield level is formed and, accordingly, the components
of economic efficiency. This postulate is relevant even
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when growing plants on irrigation (in the studies on
millet), since the amount of irrigation is reduced with
optimal natural moisture [14].This pattern is confirmed
by the results of studies of growing oilseeds under ir-
rigation and without irrigation, namely oils flax [15].
In addition to the water supply regime, the study con-
sidered plant nutrition, row spacing, and seeding rate.

The authors attribute a substantial increase in
the productivity of the white mustard oil crop primar-
ily to the effective use of moisture by plants, which
is largely determined and varies depending on the
amount of precipitation during the growing season,
the content and accumulation of which depend on
tillage [16]. In addition, the paper justifies obtaining
the highest conditional net profit when using white
mustard for culture by combining ploughing as the
main tillage and using organic-mineral fertiliser. The
profitability of growing white mustard in the context
of tillage systems ranged between 93-123%.

A number of studies conducted with various ag-
ricultural crops have determined the impact of both
productivity and economic efficiency of such a factor
as tillage. In cultivation technologies, this element, as
arule, is the most expensive compared to other meas-
ures. In particular, tillage and other elements of the
technology were investigated on rapeseed and spring
wheat [17,18]. In general, the factor of tillage, the effi-
ciency of measure selection and depth for a particular
agricultural crop substantially affects the efficiency of
its cultivation [19]. In addition, the authors point to the
prospect of research with methods of tillage since they
are the most expensive. In recent years, due to climate
change and the energy equipment of farms, it is nec-
essary to select the most rational measures of tillage,
considering resource and energy preservation, since
they are among the main Llinks of agriculture.

In addition, for researchers and producers, the
question of the most correct selection of the method
of tillage and its measures, which are developed and
compiled for all crops of crop rotation, is indisputable.
Under such conditions, as a rule, differentiated (com-
bined) approaches to the depth and method of tillage
are recommended. In the same way, fertiliser systems
are determined and developed for the crop rotation
crops, while considering their effect and aftereffect for
subsequent crops that will be placed in the order of
their alternation.

Winter rapeseed,as was already noted in this and
many papers, reacts quite strongly to the background
of fertiliser. The latter substantially affects the levels of
seedyield and its main quality indicators [20, 21].Issues
related to plant nutrition and main tillage measures
for winter rapeseed are insufficiently investigated. In

Ukrainian Black Sea Region Agrarian Science, 25(3), 38-45

39



40

Economic efficiency of winter rapeseed cultivation...

particular, in recent decades, the surface resource-sav-
ing methods of tillage using the Till and No-Till sys-
tems have become widespread. It is their application
that is considered low-cost and cost-effective [22].

The purpose of the study is to determine the
influence of the main elements of winter rapeseed
cultivation technology, in particular, the method and
depth of tillage, the time and method of sowing on
seed yield, economic efficiency,and changes in its indi-
cators due to these factors.

MATERIALS AND METHODS
Elements of the technology for growing winter rape-
seed were investigated during 2012-2015 on ordi-
nary chernozem in the conditions of agricultural LLC
“Zoria” of the Cherkasy district of the Cherkasy region.
The experiment is three-factor: factor A — main till-
age - ploughing by 25-27 cm and disking by 12-14 cm;
Factor B - sowing period — 1st - in the first decade
of September, 2nd - in the second decade of Septem-
ber, 3rd - in the third decade of September; factor C -

5 454

Yield, t/ha

[ disking by 12-14 cm

sowing method with row spacing of 15 cm, 30 cm, and
60 cm. The study was conducted with the Ukrainian
variety of winter rapeseed Chempion Ukrainy.

Indicators of economic efficiency were deter-
mined by the factual cost of material resources for
growing products at prices at the beginning of 2016.
The cost of 1 tonne of seeds for the billing period was
9550 UAH.

RESULTS AND DISCUSSION
Certain elements of the technology of growing winter
rapeseed plants and their combination primarily affected
seed yield. During the years of research, crop levels var-
ied substantially depending on the weather conditions
of the growing season of the crop. In the most optimal
version of the experiment for the combination of the
sowing period (I decade of September) using the rows
method (15 c¢cm) on the background of ploughing to a
depth of 25-27 cm, it was the highest and ranged from
3.86 to 5.02 t/ha. The average yield of winter rape-
seed for three years of cultivation is shown in Figure 1.

M ploughing by 25-27

1st - sowing period; 2nd - sowing period; 3rd —sowing period

Figure 1. Yield of winter rapeseed depending on the time and method of sowing, type, and depth of tillage
(average for 2013-2015)

The studies determined that the yield of seeds and
technology elements adopted in the cultivation of winter
rapeseed had different effects on the main indicators of
economic efficiency. Thus, the calculation of the cost of
gross output justifies a substantial impact on this indica-
tor of the sowing period and row spacing width, and a
slight change depending on the type of the main tillage
(Table 1). On average, according to factor A, ploughing
to a depth of 25-27 cm contributed to an insubstantial
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increase in the cost of gross output by 1.7% compared
with disking to a depth of 12-14 cm - from 24.8 to
25.3 thousand UAH/ha. A substantial decrease in the cost
of gross output (winter rapeseed) was determined for the
transfer of sowing from the first decade of September
to the second and third decades of this month. Thus, for
disking to a depth of 12-14 cm, this indicator was for sow-
ing in the first decade of September, on average by factor,
30.9 thousand UAH/ha, for sowing in the second decade
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it decreased to 24.8 thousand UAH/ha (by 24.4%), and
in the third decade - to 18.8 thousand UAH/ha (or by

64.4%). When ploughing to a depth of 25-27 cm, this
decrease was 21.9 and 78.6%, respectively.

Table 1. Cost of gross output of winter rapeseed depending on tillage, sowing period, and row spacing width,
thousand UAH/ha

Row spacing width, cm (factor C)

Average by factors

Tillage (factor A) Sowing period (Factor B)
15
1st decade of September 334
Disking by 12-14 cm 2nd decade of September 26.7
3rd decade of September 20.1
1st decade of September 35.3
Ploughing by 25-27 cm  2nd decade of September 28.7
3rd decade of September 20.1
Average for factor C 274

The row spacing width of 15 cm provided
the maximum cost of gross output, which averaged
27.4 thousand UAH/ha. For the expansion of row
spacing to 30 and 60 cm, a substantial decrease in
this indicator was determined - 25.1 and 22.6 thou-
sand UAH/ha, or by 8.9 and 21.1%. A substantial re-
duction in the cost of the grown products indicates
the expediency of increasing the width of row spac-
ing. Production costs, in contrast to the cost of gross

30 60 A
30.6 28.7 30.9

24.8 229 24.8 24.8
19.1 17.2 18.8

315 28.7 31.8

26.7 22.9 26.1 253
18.1 15.3 17.8

25.1 22.6

output, were characterised by a substantial differ-
ence in tillage options and minimal differences in
the second and third factors under study (Table 2).
For disking to a depth of 12-14 cm, this economic in-
dicator averaged 15.1 thousand UAH/ha. Ploughing
to a depth of 25-27 cm in experimental areas due to
an increase in the cost of diesel fuel and other agri-
cultural resources led to their increase to 16.2 thou-
sand UAH/ha, or by 7.5%.

Table 2. Production costs for growing winter rapeseed depending on the tillage, sowing period, and row spacing width,

thousand UAH/ha
Row spacing width, cm (factor C) Average by factors
Tillage (factor A) Sowing period (Factor B)
15 30 60 B A
1st decade of September 154 15.3 15.2 15.3
Disking by 12-14 cm 2nd decade of September 151 151 15.0 151 151
3rd decade of September 14.9 14.9 14.8 14.9
1st decade of September 16.5 16.4 16.3 16.4
Ploughing by 25-27 cm  2nd decade of September 16.3 16.2 16.1 16.2 16.2
3rd decade of September 16.0 15.9 15.8 15.9
Average for factor C 15.7 15.6 155

According to the variants of sowing dates, there
was little difference between certain indicators of pro-
duction costs. Thus, during the first sowing period, an
increase in this indicator was identified for disking up to
15.3,and for ploughing — up to 16.4 thousand UAH/ha.
During sowing in the second and third decades of Sep-
tember, this indicator slightly decreased, respectively,
to 15.1 and 14.9,15.9 and 16.2 thousand UAH/ha, or by
1.4-2.8 and 1.25-3.1%.

The width of row spacing practically did not affect
production costs, since the difference between the vari-
ants under study (15; 30; 60 cm) was only 0.5-1.1%. The
cost of production of 1 tonne of winter rapeseed had a
clear trend towards its growth during ploughing, sowing
in the 2nd and 3rd decades of September and sowing
with row spacing of 30 and 60 cm (Table 3).The increase
in this indicator was manifested during ploughing to a
depth of 25-27 cm, at which the cost price increased,
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on average, to 6.5 thousand UAH/tonne. Disking to a
depth of 12-14 cm caused its decrease to 6.0 thou-
sand UAH/tonne, or by 8.0%.

According to factor B (sowing period), the min-
imum cost level of 1 tonne of winter rapeseed is de-
termined for sowing in the first decade of September -
4.7-5.0 thousand UAH. The postponement of sowing to

the second and third decades of September led to an
increase in this indicator by 18.5- 42.6%.

Options with row spacing of 15 cm provided the
lowest cost - an average of 5.7 thousand UAH/tonne.
The expansion of row spacing to 30 and 60 cm led to
an increase in this indicator to 6.2 and 6.9 thousand
UAH/tonne, or by 7.3 and 17.2%, respectively.

Table 3. Cost of growing 1 tonne of winter rapeseed depending on the tillage, sowing period, and row spacing width,
thousand UAH

Row spacing width, cm (factor C) Average by factors
30 60 B A
48 5.1 4.7
5.8 6.3 5.8 6.0
74 8.2 7.6
5.0 5.4 5.0
5.8 6.7 6.0 6.5
8.4 9.9 8.6
6.2 6.9

Tillage (factor A) Sowing period (Factor B) 15
1st decade of September 44

Disking by 12-14 cm 2nd decade of September 54
3rd decade of September 7.1

1st decade of September 4.5

Ploughing by 25-27 cm  2nd decade of September 5.4
3rd decade of September 7.6

Average for factor C 5.7

Conditional net profit in the field experiment
with winter rapeseed ranged in a very wide range -
from 18.8 thousand UAH/ha for a combination of fac-
tors: ploughing to a depth of 25-27 cm; sowing in the

first decade of September; row spacing of 15 cm, to a
loss of 0.6 thousand UAH/ha - ploughing to a depth of
25-27 cm; sowing in the third decade; row spacing of
60 cm (Table 4).

Table 4. Conditional net profit for growing winter rapeseed depending on the tillage, sowing period, and row spacing

width, thousand UAH/ha
Row spacing width, cm (factor C) Average by factors
Tillage (factor A) Sowing period (Factor B)
15 30 60
1st decade of September 18.1 15.3 13.5 15.6
Disking by 12-14 cm 2nd decade of September 11.6 9.8 79 9.8 9.8
3rd decade of September 5.2 4.2 2.4 39
1st decade of September 18.8 15.1 12.3 15.4
Ploughing by 25-27 cm  2nd decade of September 12.3 10.5 6.8 9.9 9.1
3rd decade of September 4.0 2.2 -0.6 19
Average for factor C 11.7 9.5 7.1

Diskingto a depth of 12-14 cm contributed to the
growthofthisindicator,onaverage,9.8thousand UAH/ha.
For ploughing to a depth of 25-27 cm, the conditional
net profit decreased to UAH 9.1 thousand/ha,or by 7.2%.

A substantial increase in profitability was pro-
vided by the first sowing period, which averaged 15.4-
15.6 thousand UAH/ha. During sowing in the second
decade of September, there was a substantial decrease in
conditional net profit by 55.9-59.7%, and during the third
sowing period - by 3.9-8.1 times. The most substantial
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decrease in profit was manifested in all variants of the
experiment with ploughing to a depth of 25-27 cm.

The formation of a row spacing of 15 cm pro-
vided the maximum conditional net profit at the level
of 11.7 thousand UAH/ha. With wider row spacing - 30
and 60 cm, this indicator decreased to 9.5 in 7.1 thou-
sand UAH/ha, or by 22.7 and 65.2%, respectively.

The level of profitability of the developed el-
ements of the cultivation technology of the crop un-
der study - winter rapeseed reflected the trends that
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were identified regarding the formation of indicators
of conditional net profit (Fig. 2). For disking to a depth
of 12-14 cm, higher profitability was obtained - 64.4%,
compared with ploughing to 25-7 cm - 55.5%.

The trend of a substantial decrease in the level
of profitability from the first sowing period (93.8-

120 11

/ 113.6

100

80

60

40

20

Profitability level, %

0

-20

[ disking by 12-14 cm

102.1%) to the second (60.9-64.8%), and especially
the third (11.8-26.4%) was clearly traced. Thus, the
difference between sowing in the first and second
decades of September was, on average, 54.9-57.6 rel-
ative per cent, and between the first and third terms -
3.9-7.9 times.

M ploughing by 25-27

Figure 2. The level of profitability of growing winter rapeseed depending on the tillage, sowing period,
and row spacing width

The lowest profitability (45.3%) was determined
for sowing with row spacing of 60 cm. In the variants
with row spacing of 15 and 30 cm, this indicator in-
creased substantially and averaged 73.9 and 60.7% for
this factor, or increased by 21.8-63.1 relative per cent.

CONCLUSIONS

The examined factors in the cultivation of winter rape-
seed of the Chempion Ukrainy variety during 2012-
2015 substantially affected the level of seed yield. The
maximum yield - 4.54 t/ha on average for 2013-2015
was formed by combining the following elements of
the technology: sowing in the first decade of Septem-
ber in the usual rows method (15 c¢cm) on the back-
ground of ploughing by 25-27 cm as the main tillage.
Shifting the sowing dates to the second and third dec-
ades of September, increasing the width of row spacing
to 30 and 60 cm, and disking by 12-14 cm led to a
decrease in the yield of winter rapeseed grain.

The determination of components of economic
efficiency showed that the cost of gross output of win-
ter rapeseed during ploughing increased, but the cost
of its cultivation caused a slight decrease in condition-
al net profit, which on average for factors on the back-
ground of disking was 9.8, and ploughing - 9.1 thou-
sand UAH/ha.

Regarding the optimisation and selection of the
sowing period, the highest profit was for its implemen-
tation in the first decade of September - for disking -
15.6 thousand UAH/ha, and ploughing - 15.4 thou-
sand UAH/ha on average for all row spacing. According
to the latter factor, the highest yield was provided by
rows sowing with row spacing of 15 cm, with an in-
crease to 30 and 60 cm, this indicator decreases.

The level of profitability is closely correlated
with the value of net profit and changes. On average,
for disking options by 12-14 cm, it was 64.4%, and
ploughing - 55.5%. For the first period of sowing ac-
cording to these methods of tillage, the profitability
was the highest - 102.1 and 93.8%, respectively, for
all methods of sowing, and for row spacing of 15 cm -
117.5 and 113.6%. With later sowing and expansion of
row spacing, this indicator decreased.

Thus, the highest yield of seeds and the most fa-
vourable indicators of economic efficiency for growing
winter rapeseed in the conditions of the Forest-Steppe
of Ukraine provides the use of such elements: sowing
in the first decade of September in the usual rows way
(15 cm),and as the main tillage - ploughing to a depth of
25-27 cm.This combination of factors prevails over other
measures and options under study. It is advisable to rec-
ommend it for production for growing winter rapeseed.
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EKOHOMiYHa epeKTUBHICTb BUPOLLYYBAaHHSA pinaKy 03MMOro
3aJ1e)XXHOo Bif, BNIMBY efIeMeHTIB TeXHOsOorii B yMoBax Jlicocteny YKpaiHu
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MWKONAiBCbKMI HALIOHANbHMIA arpapHuUiA YHiBepCuTeT

AHoTauisa. Y cTaTTi HaBeneHO pe3ynbTaTM AOCNiMKeHb, npoBefeHux ynpoposx 2012-2015 pp. Ha YopHo3eMi
3BMYanHOMY B 30Hi Jlicocteny YkpaiHu 3 pinakoM o3uMum copTy YemnioH YkpaiHu. BusHaueHO BNAMB CTPOKIB i
cnocobiB ciBbM Ta OCHOBHOro 006pOBITKY FPYHTY Ha BPOXAMHICTb HACiHHA, WO MO3HAYMIOCS HA MOKa3HWMKax
€KOHOMIYHOI eheKTMBHOCTI BMPOBHMLTBA KyNbTYpU. IX BWU3HAYEHHAM OBFPYHTOBAHO [AOLIMbHICTb MOEAHAHHA
HaCTyNHUX eneMeHTiB: ciBba y | aekany BepecHs psAKOBMM CNOCOO60M (wmpuHa Mikpsaab 15 cm) no ¢oHy opaHku
Ha 25-27 cm (y aKocTi ocHOBHOro 06pobiTky rpyHTY). Taka TexHonoria y cepenHboMy 3a 2013-2015 pp. 3abe3neunna
OTPMMAHHSI HaMBMLLOrO piBHSA BpoXak — 4,54 T/ra i HAaCTyNHi €KOHOMIYHi MOKAa3HWKKU: YMOBHO YMCTMI MPUOYTOK
18,8 TMC. rpH/ra, piBeHb peHTabenbHocTi — 113,6 %, cobiBapTicTb 1 T HACiHHSA — 4,5 TUC. IpH.

KniouoBi cnoBa: pinak 03vMUM, 3axif OCHOBHOrO 06poBiTKY FpYHTY, CTPOK CiBOM, cnocib ciB6U, peHTabenbHiCTb,
YMOBHO YMCTUIA NpUBYTOK, COBIBAPTICTb
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