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Abstract

The article analyzes the peculiarities of land cultivation technologies to identify the factors
affecting the energy efficiency of land cultivation, costs, as well as searching for solutions to reduce
negative factors and to substantiate the advantages of the technology of minimum soil cultivation.

By using energy-saving machines with minimum tillage and increasing soil fertility and
productivity, costs are reduced by about 2-6 times.
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Introduction

Land cultivation technologies have been practiced since the 18th century. This type of intensive
scientific research has been noted among European farmers. Europe has made significant progress
through the use of organic fertilizers, pasture and plowing poor soils.

With the advent of tractor power, deep cultivation with careful processing of the next surface
layer was widespread which ensured high fertility in conditions of sufficient moisture, excessive use
of manure and weeds.

The “blind” introduction of this tillage technology in Eastern Europe, Siberia and other places
where there was an acute shortage of moisture, especially in the steppe regions, agriculture went
bankrupt, weeding was unjustified and organic fertilizers became less effective. Farmers in the USA
and Canada found themselves in the same tragic situation when aeration increased due to constant
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deep subsidence of the soil which led to accelerated decomposition of humus, loss of soil structure
water and wind erosion.

Due to the improper implementation of land cultivation technology in 1934, a dust storm swept
over 40 million large areas of the United States and carried 300 million tons of fertile land into the
ocean [11].

This tragedy of agriculture has mobilized the scientists of the advanced states to decide how to
find a solution to the problem. In 1943 Faulkner's book, «The Plowman's Madness» gained
widespread acceptance among farmers. Faulkner strongly criticizes tillage and suggests using the
topsoil 7-7.5cm deep to mix fertilizer with the topsoil.

The mechanical transfer of soil cultivation techniques to agriculture under different conditions
was sharply criticized by the Russian scientist V.V. Dokucha and D.I. Mendeleeva [§]

T.S. Maltz proposed to plow the land every 3-5 years, the rest of the time it was proposed to
cultivate soil with suitable tools in 1953 [1].

After Faulkner's critical analysis, serious work began on soil cultivation technology and it was
proposed to revise the foundations of scientific agriculture. A characteristic feature of this scientific
process was a single recipe for cultivating the land. Moving from ordinary schemes to creative ones
based on scientific advances and best practices, taking into account local conditions.

According to G. Kant about the minimum tillage, we read: “As much as needed, but as little as
possible”. First the method of minimum cultivation was tested in 1945 in the United States. Currently,
50% of the southern United States is cultivated using minimum and zero technology. In 2013, it is
planned to cultivate the entire sown area using this technology [4]. It has been established that the soil
intended for sowing cereals should have a density of 1.1-1.3 g/ cm 3, for potato-sunflower - 1-1.2 g/
cm 3, for sugar beets 1.1-1.5 g / cm 3 [9]. This means that if the density of the soil is lower than the
specified one, it should be rolled and at high density - shallow cultivation must be applied.

In this regard, I. B. Revut stated «The deviation of soil density from the optimal 0.1-0.3 g / cm’
leads to a loss of yield by 20-40%" [6].

It is known that agricultural land is distinguished by a great variety which is expressed by the
type of soil, physical and mechanical properties, climatic conditions, position, area of use etc. Thus,
the problem lies in the minimum tillage technology for the most efficient use of different types of land
in different areas applying various working aggregates or machine-tractor units.

Material and method

Until the 1990s, in agricultural production in the United States and today in the Republic of
Armenia [7], minimal soil cultivation is combined with preservatives, that is, crop residues remain in
the process of soil cultivation, which not only increases the yield, but also prevents its erosion. In this
case, it is necessary to combine this technology with protection against plant diseases, pests and
weeds. The presence of crop residues on the soil surface improves moisture penetration, reduces
evaporation, but requires a large amount of nitrogen fertilizers, since crop residue nitrogen does not
enter the soil, it decomposes uselessly.

Minimum tillage technology is considered the most important result of the scientific and
technological revolution in agriculture.

Results and analysis

Numerous theoretical and experimental studies were carried out in order to identify factors
affecting the energy efficiency of land cultivation, as well as their reduction, taking into account the
following main aspects:
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Agronomic point of view - studies have shown that after deep seeding (20-25 cm) in the next
two years, the soil can be cultivated face down (15-18 cm) without compromising fertility. Decreasing
the depth by 1 cm reduces fuel consumption by 0.4-0.6 kg / ha and cash costs by 0.43-0.52 US
dollars / ha. Preparation of the land during cultivation with aggregates in combination with sowing
wheat yielded more yield than with double cultivation, and the costs decreased almost twice, the fuel
economy was 3.5-4 kg / ha [2].

Energy aspect - in the case of soil cultivation with passively acting organs, the expended energy

is determined by resistance [5, 7].
Em=Ki =k; +-V*, (1)

E., - specific energy intensity of the earth N/m*
K - specific traction resistance of the car, N/m
| - dynamic resistance coefficient, Ns?/m’
V - the working speed of the car m/s
The specific fuel consumption required for tillage is determined by the following formula: [13]

O, = 2.
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Q specific fuel consumption , kg / ha
8. specific fuel consumption of the tractor engine, g / kWh

"Iy max - maximum value of the tractor power factor

e=2.718 the basis of the natural logarithm

Vs ~ the speed corresponding to the maximum traction power, m/ s,

c-coefficient that takes into account the physical and mechanical properties of the soil and the
operating conditions of the tractor.

For wheeled tractors ¢ = 0.15£0.05_ for compacted soils; ¢~ 0.3£0.05_ for cultivated soils.
The above formula (2) shows that the specific fuel consumption for tillage is determined by the
energy intensity of the technological process, the energy characteristics of the tractor as well as their

changes [2, 12, 13] (Tab.).

Table
Energy characteristics of tillage machines in the range of speed- 1.5-3 m /s (5-11 km / h)

Process type/ , ' k' Dynamic resistance
used machine Static resistance, "> N/m coefficient, € , Ns*/m’
Planting at a depth of 20-21 cm
- with corpus of attaching plow 7000-18000 400-700
- with corpus of hanging plow 6000-15000 400-700
- spiral corpus of hanging plow 5000-12000 250-450
surface sowing 1500-2300 100-400
Cultivation at a depth of 8-12 cm
- with T-shaped cultivators 1300-3500 80-400
- with crusher 2000-3600 60-400
- combined high-speed machines 4000-5500 200-550
double cultivation 8-12cm
- with T-shaped cultivators 800-1000 50-100
Deep loosening of soil (15-20 cm) with
combined machines 2000-5300 150-500
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The data in the table shows that downstream processes are considered to be more energy
intensive than other processes. In addition, pre-sowing cultivation of arable land is associated with
additional energy costs. Therefore, in order to reduce energy costs, it is advisable to replace the
bottom with other tillage methods.
The technical point of view is the introduction of more efficient machines and the use of
combined machine units.
One of the main indicators that determine fuel consumption is the specific traction resistance of

the vehicle, which is characterized by static resistance (kl') and coefficient of dynamic resistance (g).
Their size depends on the physical and mechanical properties of the soil, the design of the machine,
working bodies, as well as on their suitability for work in specific conditions [12, 13]. The lower these
indicators, the less fuel is required, the higher is the productivity and the cheaper is the work.

Greater fuel savings can be achieved by combining technological processes. It is advisable to
use combined machines to combine the following processes:

- main soil cultivation with simultaneous additional cultivation,
- pre-sowing treatment by integration of herbicides and fertilizers,
- sowing grain and other crops by applying herbicides and fertilizers.

In the case the fuel economy is 15-30%.

From an economic point of view, with intensive cultivation of the land, the cost of labor, fuel
and other resources is 1.5 times higher than when traditional technology is used. By simplifying the
processing technology, it will be possible to reduce costs by 30% with the use of the minimum
processing technology - 2 times, with zero - 6 times [12].

Environmental point of view - minimal tillage is considered environmentally friendly. This
reduces the number of machines used, reduces unwanted soil compaction and reduces the amount of
toxic gases released into the atmosphere.

Research confirms that for better soil cultivation in mining agriculture in the Republic of
Armenia, it is necessary to develop a minimum soil cultivation technology and apply various
machines or machine-tractor units. And in general, if we take into account that the choice of the
technology for its cultivation is conditioned by the physical and mechanical properties of the soil, then
the choice of the type of tractor, tractor shape or traction becomes a decisive factor.

Conclusion

1. One of the most effective ways to reduce the cost of land and energy processing is the use of
minimum processing technology, which is considered agriculturally acceptable, economical and
environmentally friendly. When using the technology of minimum tillage, costs are reduced by
about 2-6 times.

2. The use of energy-saving machines (chisel cultivators, machines with active working units,
machines with vibrating units, combined tillage machines) increases the efficiency of the soil
cultivation process, soil fertility and productivity.

3. For the best tillage in the mining agriculture of the Republic of Armenia, it is necessary to
develop a minimum tillage technology using machines of various shapes or machine-tractor
units.
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<N1b LYURUINR3L UTUUU UL SEluLNLNGhU3b UNULALULUSUNRE3NALLENE BY
LLSMNRE3NRLLE ANShULUULNRG3ULL KUUUMNUSUUUL

M.U. Snuwybunjwi', MN.3nt. Swuyupyu?, L.U. Gunjui’
'Cwywuwh wqquyhti wgnpwpuwiht hwdwuwpw
2Cniphh pbputninghwywt hwdwuwpwb

Znnjwdnd' hnnp Jowldwu  Eubpgquunwpnigjwu, Sdwfuubph Jpw  wgnnn  gnpdnuubipp
pwgwhwjndwl, huswbu bwl npwug Ypdwundwt (ndndubiph npnudwt bwwwnwyny Yunwpywsd
hnnh Jowlydwu wbfuuninghwubph wnwuduwhwwnynyeniuubph ybpinwdnyeniu bW ujuquignyu
dowydwu nbfuuninghwih wnwybinieiniuubph hhduwynpnid:

Eubpqwfjuuwynn  dbpbuwubph  Yppwndwdp  hnnp  Ujwqugnyu  dowydwu  nbwpnud
pwpdpwgunwd Lt hnnh  pGpphneyniup b Jpwwpnyubiph pGppwwnynieiniup,  dwiuunwdubipp
Ypbwwnynwd £ dnwn 2 - 6 wugqwd:

Pwbtwih pwnbp. ujwqugnyu Jdowynud, pbpphnieginiu,  tpnghw,  Lubipgqwfuuwgnn,
Eubipqwdwfuubin:

OCOBEHHOCTHU TEXHOJIOI'MA MUHUMAJIBHO OBPABOTKH IMOYBBI
N BbBIBOP B COOTBETCTBUMU C 30HAJIBHOCTbBIO

ILA. TOHaHeTHHI, ILIO. T acnapﬂnz, A.M. Ecosin’

1 . .
Hayuonanvuwiii acpapnulii ynueepcumem Apmenuu
2 o o

L ywunckuy mexHon02udecKull YHugepcumem

B crarbe npoananuzupoBaHbl 0COOEHHOCTH TEXHOJIOTHI 00paOOTKHU MOUBHI C I[EIBIO BBISBICHHS
($akTOpOB, BIUSIONINX HA YJHEPTOEMKOCTh U CTOMMOCTH 00paOOTKH IMOYBHI, & TAK)KE TIOMCKA PEIICHHIA
0 UX CHIKEHUIO, 1 000CHOBaHBI MPEUMYIIECTBA TEXHOJIOTMH MUHUMaJIbHOU 00pabOTKM MOYBHI.

[Ipyu mMuHUMaNBHOW 00pabOTKE TMOYBBI € TPUMEHEHHEM SHEProcOeperarmImx MariiH
MOBBIIIACTCS TUIOIOPOANE MOYBBI U YPOKAWHOCTH KYJBTYP, 3aTPaThl COKPAIIAIOTCS MPUMEPHO B 2-6
pas.

Knioueevie cnoga: MuHMManbHas o00paOOTKa, IIOAOPOAME, 3PO3Us, SHEProcOepexeHwue,
SHEPro3aTpaThl.

- LGpwanipnyeniatt - ppwwitiwgylyy £ << ghypnipywt - Yndhipbh - pptiwbuwlyut
wowlygnuypyudp' 21T - 4B008 dwljwanny ghypwlwit phdwih spowbiwlupnid:
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