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Abstract. This study explores the technology of chilling from the point of view of anthropogenic
impact on soil. The influence of the arrangement of workers on technological rocessing is analyzed.
The efficiency of resource-saving deep cultivation technology in production of row crops on example
of sunflower growing in Volgograd region is estimated. We give technical and economic assessment
of sunflower cultivation depending on the technological process of chilling. We defined a competitive
technology of basic soil cultivation. Analysis of data obtained shows that the largest area of cross-section
of the formation is produced when soil is treated with chisel tools as working organs are arranged such
that they form a zone of continuous loosening, accordingly, it has the greatest anthropogenic impact. Field
experiments also showed that deep loosening belts to a depth of 0.25...0.35 m, alternating with strips
without treatment, are characterized by positive processes. Unprocessed areas become overcrowded (more
than 1.3 g/cm’®), so they create less favorable, in comparison with processed, conditions for the development
of some species of perennial weeds. Studies have shown that, with the main soil-free tillage of the soil
to a depth of 0.3 m, from the stubble of winter wheat, stubble conservation was consistent: 69.67% — over
the treated band using striptill technology; 76.33% — on the processed strip by a chisel with a trail
of 0.7 m; 68.67% for a chisel with a trail of 0.35 m. After the passage of the aggregates on the soil surface,
all stubble remains within the requirements for SRT AIST 4.6—2010 (more than 60%). The use of striptill
technology reduces fuel costs by 35.5% relative to the classical chiesel, and by 27.3% relative to
the minimum technology. Accordingly, the cost of wages is reduced by 37.5% compared to the classical
chisel and by 24.8% compared to the minimum chisel technology.
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INTRODUCTION

One of the most important ways of stabilizing and improving the economic
efficiency of agricultural organizations is the further development of the intensification
of production through the use of resource-saving technologies for the cultivation
of agricultural crops. The right choice and rational use of soil-cultivating tools, as
an executive tool of a sound manufacturing technology, is the main condition for
ensuring the growth of productivity and profitability in agriculture. The greatest
potential for cost reduction is in the area of basic deep tillage, while a stable reduction
in costs is possible with a change in the tool setting that affects the process.
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The working organs of machines for processing soil of any type affect the natural
environment. Such influence over time leads to a disturbance of the ecosystem. One
of the main reasons for this phenomenon is the inconsistency of farming technology.
For example, ploughing often leads to erosion of the fertile layer, salinization of soils
may be an undesirable consequence of irrigation, and pasture of cattle is accompanied
by degradation of grass cover with appearance of conditions for erosion. Anthropogenic
impact on soil can be characterized, in particular, by the mechanical destruction of natural
environment, determined not only by depth, but also by cross-sectional area. The result
of such undesirable effects is described by anthropogenic factor [1]. To study degree
of influence of strip farming on environment, we have chosen anthropogenic impact.
This made it possible to compare the various technological processes of soil cultivation,
on the basis of an implement with chisel working tools, arranged with various inter-
inheritance, providing outcropping to surface [2] and additional device [3] limiting zone
of deformation (Strip-till) with a classic chisel, providing a zone of continuous loosening.

MATERIALS AND METHODS

To minimize anthropogenic impact on the soil, it is recommended to reduce energy
costs, in particular, depth of processing. That is, change in anthropogenic impact can be
characterized by the cross-sectional area of the treated formation. This fact is actual
in the production of row crops, the cultivation of which provides a strip mechanical
effect on the medium to be treated, as a promising environmental and economical
technology. Indicators of rational use and economical use of material and energy
resources, expressed in quantitative form, are the requirements of resource use and
resource saving [4]. The established indicators of resource use should provide an
opportunity to effective assess of resource-saving requirements. The indicator, de-
termined by the ratio of a particular parameter to another, is the specific indicator
of resource use.

Considering the fact that for different technologies ratio of treated part of soil to
untreated part differs significantly, it can be assumed that the smaller the given
dependence in terms of the perimeter of tool capture width, the more effective the
technology of soil cultivation from the resource saving point of view. Given that the same
chisel tool, working at the same depth, but tuned to a different technological process,
it is logical to compare their anthropogenic impact on the meter. In this regard, we
introduce the concept of anthropogenic impact coefficient of soil-cultivating tools.

Anthropogenic impact on soil can be characterized by coefficient K, determined
by ratio of loosening area S, in the transverse plane to working width B,, of the tool
gripping, taking into account the depth /4, of its processing:

Kai = r >
Bwhch

(M

where F' — area of loosening of the formation in the transverse plane, m? B, — working
width of the tool, m; /., — depth of processing (chiseling), m.

Figures 1—3 show transverse profile diagrams of formation when chisel tool is
operated using solid, strip and striptill technologies, respectively.
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Fig. 1. Scheme of transverse profile of formation
during operation of chisel tool

2M

/ / hen

C b
|

Fig. 2. Scheme of transverse profile of formation during operation
of chisel tool using technology of strip processing of soil
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Fig. 3. Scheme of transverse profile of formation during operation
cultivation tools for striptill technology

196 AT'POTEXHOJIOI'MY U MEJIMOPALIMA 3EMEJIb



Borisenko I.B. et al. RUDN Journal of Agronomy and Animal Industries, 2018, 13 (3), 194—206

Taking into account the scheme of transverse profile of formation during the
operation of chisel tool using continuous loosening technology (Figure 1) and assuming
value of soil deformation angle 90°, the loosening area F,, transverse plane within
working (technological) width of the B,, tool is determined by depth product difference
processing 4, on the interfluve M and area of intrasoil comb multiplied by the number
of working bodies n. After the transformation, the relationship takes the form:

(M-b)’
Fy=n| M ——— | ©)

Taking into account the above, cross-sectional area of loosened part of formation,
when processed using strip-chisel technology, the form is:
Fy, =n.h, (hq +b). 3)

Accordingly, cross-sectional area of loosened part of formation when processing
the soil using stripteel technology,

2
F.=n han—(Bﬂ_bJ . 4)

2

Figure 4 shows the dependence of cross-sectional area of loosened part of formation
from depth, taking into account technology of soil cultivation. As can be seen from the
graph, the largest cross-sectional area of loosened part of formation is formed with
continuous chiseling. This is explained by the increment of the zone of continuous
loosening with increasing depth of processing. The least intensity is the strip technology
as a result of cutting zone of deformation of soil with disc knives.

(Wil

Cross-sectional area, m2

chiseling = = strip = === striptill

Fig. 4. Dependence of cross-sectional area of loosened part of formation from depth,
taking into account processing technology
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The product of the working width B,, of tool gripping to depth 4, is equal to the
area of loosening with chiseling, without taking into account intrusive grooves, which
determines cross-sectional area when flat-cutting tool is operating.

The theoretical working width of the tool is determined by product of number
of working tools on inter-stage of their arrangement in transverse plane. Taking into
account the above, expressions for determining the coefficient of anthropogenic impact
on soil in case of chilling depending on the technological process of processing are:

for continuous chilling

2
M—-b
Kaich = hchM_( ) thh > (5)
for strip chiseling
Kogn =(hy +D)[M,, (©)
for striptill technology
2
K,.=|h,B, _[an—b j M_h,. (7

According to the given expressions (5, 6 and 7), taking into account the adopted
values of width of inter-trace (for chiseling — 0.35 m, strip and striptill treatments —
0.7 m), bit 0.05 m, strip 0.25 m. Calculated dependences are obtained and graphs are
plotted (Fig. 5) for the effect of chilling depth on change in the coefficient of anthropo-
genic treatment effect for various technological processes of chilling.

According to the graph, the coefficient of anthropogenic impact on the soil with
technology of strip chiseling with respect to classical chiseling decreases with increasing
depth of processing from 2 to 1.43 times. With striptill it increases from 2.18 to 2.58 times.

Intensity of increase in coefficient of anthropogenic impact on soil with striptill
technology relative to band-wise chiseling also increases with increasing depth of
processing, but with greater intensity, from 1.09 to 1.81 times. This situation is explained
by different intensity of increment in the area of soil cultivation for selected techno-
logical processes.
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Fig. 5. Dependence of change in coefficient of anthropogenic impact on depth,
for various technologies of soil cultivation
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Thus, when comparing the studied soil treatment technologies by the factor
of anthropogenic impact, it was found that the least coefficient of anthropogenic
impact in striptill technology is due to the fact that only a part of the strip is processed.
And taking into account running meter, this technology favorably differs from classical
and strip chisel processing concerning anthropogenic factor.

RESULTS AND DISCUSSION

During the field experiments, we obtained results of measuring loosening area
of cross section of running meter of cultivated crop for various soil cultivation techno-
logies. The studies were carried out for a chisel tool with a trace of working tools of
0.35 m; chisel tool for strip processing of soil with a trace of working bodies 0.70 m;
tools for strip processing by striptill technology (with working tools on the frame
of the tool with a trail 0.7 m). The data obtained were analyzed for determination
of technological unloading coefficient K. This coefficient represents the share of
the processing area of the applied technology relative to the area under continuous
processing at the same depth and is determined by the ratio of processing areas of
technology under consideration with respect to continuous loosening, per running meter
of the cultivated crop:

h*B_,
K,= R

oM

b

where B,,, — the width of the running meter of the cultivated crop, equal to the width of the aisle
or between strip distance with the cultivated crop; # — depth of processing; S,,, — the processing
area of technology under investigation per meter of cultivated crop.

The results of measurements and calculations are presented in Table 1.

Table 1
Area of loosening by types of basic processing

Depth Loosening area, m* / Coefficient of technological unloading
he,, m Chisel Strip processing Striptill

0.2 0.097/1.45 0.049/2.85 0.041/3.43

0.25 0.146 /1.20 0.083/2.10 0.055/3.18

0.3 0.157/1.34 0.110/1.91 0.064 /3.27

0.35 0.190/1.29 0.133/1.84 0.076 /3.23

0.4 0.204 /1.37 0.163/1.72 0.093/3.00

According to the results of the study of loosening area, depending on the depth
for different processing technologies, a graph was made (Figure 6).

Change in the coefficients of technological unloading for chilling, strip processing
and striptill technology depending on the depth of treatments is shown in Figure 7.

Analysis of the data shows that the largest cross-sectional area of formation
is formed when soil is treated with a chisel tool with working organs arranged so that
they form a zone of continuous ripping, and accordingly it has the greatest anthropo-
genic impact.
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Fig. 7. Dependence of coefficient of technological unloading on depth
of processing depending on technology

When chiseling in technology of strip processing, the area of loosening is much
lower. This is explained by arrangement of chisel working tools on tool frame without
formation of continuous loosening zone. With striptill technology (with disc knives),
loosening area is the smallest with the same depth of processing. This is due to cutoff
of deformation zone from chisel bit by means of disc knives.

Field experiments also showed that deep loosening belts to a depth of 0.25...0.35 m,
alternating with strips without treatment, are characterized by positive processes. Unpro-
cessed areas become overcrowded (more than 1.3 g/cm?), so they create less favorable
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conditions for development of some species of perennial weeds in comparison with
processed areas. Studies [5] indicate presence of cyst-forming nematodes in dense soil
(9 cysts per 100 cm?). There is an increase in nematode number in loose soil. In untreated
areas, a sharp decrease in density of pathogen population (F. graminearum and R. solani)
was found, and disease developed less frequently. Remaining stubble on untreated soil
surface delayed this process by approximately 50% (104 weeks) compared to treated
soil. Studies have shown that with the basic soil-free tillage of the soil to a depth of
0.3 m, along the stubble of winter wheat, the stubble conservation corresponded to:
69.67% — over the treated band using striptill technology; 76.33% — on processed
strip by a chisel with a trail of 0.7 m; 68.67% — for a chisel with a trail of 0.35 m.
After passage of aggregates on soil surface, all stubble remains within the requirements
for STO AIST 4.6-2010 (more than 60%).

Figure 8 shows the results of influence of soil tillage technology on stubble con-
servation, as well as the conservation of stubble, taking into account the conversion to
a linear meter in the production of row crops with row spacing of 0.7 m.

The production check of effectiveness of strip-technology was carried out on the
basis of data obtained at the Elansk branch of Volgograd Agro-Industrial Company at
the price level for 2017. Calculation of technical and economic efficiency of the techno-
logy of soil strip processing was carried out on the basis of the technique [6]. For execu-
tion of settlement operations the software product Microsoft Excel was used.
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Fig. 8. Effect of soil tillage technology on stubble conservation

Currently, several basic tillage types are used in sunflower cultivation in Yelansk
branch of Volgograd Agro-Industrial Company. In one part of the area two-phase
processing using strip-till technology is used. According to the technology, in autumn
soil is treated with strips to a depth of 0.23...0.25 m, and in spring it is produced by
sowing agricultural crops. The other part of the area is treated according to minimal
technology based on chisel processing, and weed control is carried out both mechanically

AGRICULTURAL TECHNOLOGIES AND LAND RECLAMATION 201



bopucenko WLb. u ip. Becmuux PY/IH. Cepus: ATPOHOMMA M 2KUBOTHOBO/ICTBO. 2018. T. 13. Ne 3. C. 194—206

(intercultural cultivation) and chemical (application of pesticides). In the first and third
cases, processing with a rate of application of 1 1/ha is used for this purpose. In addition,
in strip technology for preventive purposes during the autumn processing of strips,
glyphosate was used to control weeds in the fields during the spring period.
According to the program on the basis of the MicrosoftExcel we developed product,
composition and need for number and employment of units, taking into account area
of production of agricultural products. Table 2 summarizes use of machines and

aggregates in sunflower production for various technologies used in the farm.

Table 2
Use of machines and aggregates in sunflower production
depending on various cultivation technologies
Ne Model Number Price, rub. Earning Costs per Total
rub/h hectare
rub/ha

1. | JohnDeere 9430 1 9,745,763 1804.77 9,745,763

2. | MT3-1221 1 2,240,000 553.09 2,240,000

3. | ClaasTucano 450 2 8,474,576 6277.46 1393.44 16,949,152

4. | Amazone ZAM-900 1 169,492 125.55 6.15 169,492

5. | Orthman 1 tRIPr 1 1,881,356 1393.60 215.73 1,881,356

6. | Bourgault 8910 1 5,254,237 3892.03 572.36 5,254,237

7. | Hardi-Commandor 3200 1 1,694,915 1255.49 61.54 1,694,915

8. | Zhatka 2 1 0.00 0.00 0

9. | Striegel 1 336,441 249.22 16.29 336,441
10. | John Deere-512 1 750,000 555.56 134.21 750,000
11. | KKZ-10 1 452,210 334.97 34.27 452,210
12. | KRN-5,6 2 195,510 144.82 30.42 391,020
Total for striptill technology 37,934,915
Total for classical chisel technology 36,288,315
Total for minimal chisel technology 37,140,000

Cost of machines for classical chisel processing requires an investment of
851,685 rubles which is less than for minimal chisel technology. This is due to the need
to purchase machines for combating weeds. In one case, the machines are used for
mechanical control of weeds, in another case — for chemical control. Cost of machines
for strip technology from the presented technologies is the highest (in comparison with
classical chisel which is 1,646,600 rubles more, compared to the minimum chisel which
is 794,915 rubles more). This is due to the high cost of machines for strip cultivation.
Virtually all of the tools for strip production are imported, and in the face of ambiguous
conditions in the economic arena, their prices are continuously rising. In this regard, we
would like to focus our current work on development and introduction of domestic
production machines for strip processing. This will reduce the cost of such machines
significantly and consequently make strip technology the most attractive for farmers.

Figure 9 shows histogram of influence of sunflower cultivation technology
on amount of direct technical costs.

Based on calculation, histograms of influence of sunflower cultivation technology
on value of direct production costs have been constructed (Figure 10).
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Fig. 9. Influence of sunflower cultivation technology on direct technical cost
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Fig. 10. Structure of direct production costs in sunflower cultivation
depending on technology of basic processing:

a) striptill technology; b) chiseling with inter-row machining;
c) chiseling with application of chemical pesticides

AGRICULTURAL TECHNOLOGIES AND LAND RECLAMATION 203



bopucenko WLb. u ip. Becmuux PY/IH. Cepus: ATPOHOMMA M 2KUBOTHOBO/ICTBO. 2018. T. 13. Ne 3. C. 194—206

CONCLUSIONS

Analysis of the data obtained shows that degree of anthropogenic impact depends
on arrangement of working organs on tool frame. The lowest coefficient is in strip
processing technology.

Striptill technology has the lowest costs (3,288 rubles per hectare). This is due to
both a reduction in operations and a smaller number of units in the ICC. In terms of
direct costs the most expensive is classical chisel technology (4,544 rubles per hectare).
Minimal chisel technology takes middle position (4,266 rubles per hectare). Striptill
technology reduces fuel costs by 35.5% compared to classical chisel, and by 27.3%
compared to minimum technology. Wages is reduced by 37.5% and 24.8% compared
to classical chisel and minimum chisel technology, respectively. The magnitude of these
changes is explained by decrease in number of technological operations of mechanical
tillage, which reduces range of agricultural machines at the same time as costs of their
purchase and depreciation charges, as well as required amount of fuel. Accordingly,
the total direct technical costs for the classical chisel are lowered by 22.9% and for
the minimal chisel technology are reduced by 27.6%.

© 1.B. Borisenko, O.G. Chamurliev,
G.0. Chamurliev, M.V. Meznikova, 2018.
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Cesepuwiti ksapman, c. Conenoe 3atimuwe, Yeproapckuii patiow,
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B crartbe paccMOTpeHa TEXHOIOTHS YH3eIeBaHMs C MO3UIHH aHTPOIIOI€HHOTO BO3ICHCTBIS Ha TIOUBY.
IIpoaHaIM3MpPOBAHO BIUSHHUE PACCTAHOBKU pabOYMX Ha TEXHOJOTHYECKHUil mpouecc o6padbotku. [laHa
orieHKa 3G PEKTUBHOCTH pecypcocOeperaroniei TeXHOIOTHH TIyO0OKoH 00pabOTKH MOYBBI MPH MPOU3BO/I-
CTBE MPOMAIIHBIX KYJIBTYp Ha IIPUMepe BHIPAIIUBAHU ITOJICOTTHEYHNKA HA TEPPUTOpUH Bosrorpaackoit
obnactu. JlaHa TEXHUKO-9KOHOMHYECKAs OLICHKA BO3JICIBIBAHUS [OJICOTHCYHHKA B 3aBUCHMOCTH OT TEXHO-
JIOTHYECKOTO TIporiecca mseneBanus. OnperneneHa KOHKYPEHTOCTIOCOOHas TEXHOJIOTHST OCHOBHOH 00palbOTKH
MOYBEL. AHAJIU3 MONYYEHHBIX JaHHBIX MOKAa3bIBaeT, YTO HAHOOJNBINAs TUIONIAh MONEPEIHOTO CEUEeHHS
racta obpasyercs mpu o0padoTKe MOYBHI OYPOBBIMH MHCTPYMEHTAMH, IOCKOJIBKY pabo4yue opraHsl
PAcCIIONOKEHBI TaK, YTO OHH 00Pa3yIoT 30Hy HENPEPHIBHOTO PBHIXJICHUS, COOTBETCTBEHHO, OHA OKAa3bIBaeT
HauboJblIee aHTPONIOTeHHOE Bo3eiicTBUe. [oNeBble IKCTIEPUMEHTHI TaKXKe TTOKa3alld, U4To IIyOoKue
pbIxuible JieHThl Ha niryouny 0,25...0,35 M, yepenyromuecs ¢ oJlockaMu 0e3 00paboTKH, XapaKTepU3yOTCs
HONOXKHUTEIBHBIMY TporieccaMy. HeoGpaboTaHHble MIONIIAAM CTAHOBATCS 3aryIieHHbIMU (Gornee 1,3 r/em’),
TIO3TOMY OHH CO3JalOT MeHee OJaronpusTHBIE IO CPAaBHEHUIO ¢ 00PaOOTaHHBIMHU YCIIOBHUS JUTS Pa3BUTHS
HEKOTOPBIX BUJIOB MHOT'OJISTHHX COPHSKOB. VcClie[oBaHMS MOKa3aId, YTO MOCIEC OCHOBHON 00paboTKH
MoYBHl Ha TIyOouHy 0,3 M C HCHOJIB30BAaHHEM TEXHOJOTHHU MOJOCHOH 00pabOTKH MOYBBI COXPAHSIIOCH
69,67% cTepHM 03UMOM MIIEHUIBI. McIIoabp30BaHNe TEXHOIOTHH TTOJIOCHOH 00pabOTKHU IMTOYBBI CHIKAET
3aTpaThl Ha TOILIUBO Ha 35,5% 10 CpaBHEHHIO ¢ KJIacCuueckuM 00paboTkoi u Ha 27,3% OTHOCUTEILHO
MUHHUMAaJIbHOHW TeXHOJIOTHH. COOTBETCTBEHHO, CTOMMOCTD 3apabOTHO¥ IaThl cHUXkaetcs Ha 37,5%
10 CPAaBHEHUIO C KJIACCHYECKOM cxeMoi 1 Ha 24,8% 10 CpaBHEHHIO C MUHUMAJILHOIN TEXHOJIOTHEH.

KuroueBble cioBa: 1iy0okast 06paboTKa MOYBBI, AaHTPOIIOTCHHOE BO3JICHCTBHE, TEXHOIOTHS
CTPUITHIL, IOJIOCHAsE 00pabOTKa MOYBBI
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