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INFLUENCE OF THE PHYSICAL AND
MECHANICAL PROPERTIES OF SOIL
ON THE PROGRAMMED YIELD OF
AGRICULTURAL CROPS

The problem of soil research is now extremely relevant to
many agricultural industries. The productive value of the soil
depends on many variable factors, including humidity,
temperature, composition, processing methods, fertility, which, in
turn, are determined by the content of inorganic and organic
components. Soils with a large amount of organic substances
and the optimal content of minerals are considered to be the most
productive in terms of fertility.

The article thoroughly analyzes the role of the physical
and mechanical properties of the soil in providing a
programmable crop crop. The key role of the soil environment in
the growth of plants and the formation of yields, as well as the
impact of its physical and mechanical state on water, air and
nutritious regimes is indicated.

The basic parameters are considered: density of laying,
humidity, granulometric composition, degree of structure, water
permeability, capillary and aeration level. A comparative analysis
of different types of soils in the context of their suitability for the
cultivation of individual crops is given. It is described as a
violation of the physical and mechanical equilibrium of soils
(compaction, erosion, loss of structure) adversely affect the
development of plants, causing oxygen deficiency, impaired
moisture absorption and reducing the activity of the root system.

Particular attention is paid to agrotechnical methods that
contribute to the improvement of the physical condition of soils:
the use of organic fertilizers, cultivation, mulching, sideral
agriculture, as well as crop rotation as a way of preserving
fertility. Organic substances in the soil can be vegetable, animal,
microbial or anthropogenic origin. The definition of
physicochemical parameters of soil of agrochemical analysis is
considered. This measure allows you to accurately determine the
chemical composition and fertility of the soil. This is crucial for
choosing appropriate crops and the required amount of mineral
and organic fertilizers. The calculations of fertilizer application
standards and a programmable yield of potential yield of sugar
beetroot crops.

Keywords: Soil, physical and mechanical properties, soil
structure, density, humidity, vyield, yield programmatic,
agrotechnics, soil protection agriculture, root crops, beetroot.

Therefore, the need for in-depth study of factors,

resources is one of the most important areas of
sustainable  agricultural  development.  The
agricultural sector faces a number of global
challenges, among which the most critical are:
climate change, soil degradation, reduction of
fertile land, increasing prices for mineral fertilizers,
as well as an increase in the need for food as a
result of increasing the population of the planet.
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such as physical and mechanical properties of
soils, which directly affect the yield of crops [1], is
increasing.

The physical and mechanical properties of
soils contain a complex of characteristics that
determine its condition, structure, water-air regime,
density, strength, plasticity, capillary activity,
resistance to erosion, etc. They have a decisive
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effect on the development of the root system, the
ability of plants to absorb moisture and nutrients,
as well as on the overall biological activity of the
soil environment. The discrepancy between these
properties with optimal agrotechnical parameters
leads to a number of negative consequences: soil
compaction, reduction of water permeability,
oxygen deficiency for roots, formation of surface
crust, deterioration of microbiological activity and,
as a consequence, reduction of yield [2].

Despite the considerable number of
studies in the field of soil science, in production
practice, the need for monitoring and adjusting the
physical and mechanical state of soils is often
underestimated. In most farms, the main attention
is paid to the introduction of fertilizers and plant
protection products, while soil conditions are
considered as a constant background that requires
minimal intervention. This approach is erroneous,
because the physical parameters of the soil can
vary significantly depending on the system of
cultivation, climatic conditions, water regime and
technologies of cultivation of crops [2-5].

The study of this issue in conditions of
intensive agriculture, as well as in the transition to
biological and organic production, becomes
especially relevant. The search for effective
agrotechnical solutions aimed at improving the
physical condition of the soil (unprecedented
cultivation, deep loosening, use of siderates,
mulching, organic fertilizers), requires scientific
substantiation, research data and adaptation to
regional conditions [6]. The need for a
comprehensive analysis of the physical and
mechanical properties of the soil, as one of the
main factors in ensuring a sustainable and
qualitative crop is relevant.

Analysis of recent research and
publications. The restoration and regulation of
the physical and mechanical properties of soils is
an important task, which depends on which the
food safety and the sustainable development of
the agricultural sector depends on. The
characteristics that determine the physical
condition of the soil and change under the
influence of physicochemical factors form the
physical properties of the soil: density, moisture,
granulometric composition, porosity, plasticity,
capillary, water permeability, clutch of particles,
etc. [1-3, 7, 8, 14]. Obtaining accurate data
through research is important for further
programming of the planned crop yield.

An important indicator, which is widely
used in soil-genetic, agroforestry  and
agrotechnical studies, is the density of the soil,
which is necessary for the evaluation of its
structure, changes during anthropogenic use,
especially during mechanical cultivation, as well as
in the calculations of soil moisture, humus,
nutrients, nutrients, mineralizations. The density in
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soils varies from 0.9 to 1.8 g/cm3 (in forest litter
and peatlands - from 0.1 to 0.4 g/cm3), depends
on the granulometric and mineralogical
composition, humus content, as well as the
structural condition of the soil. As a consequence,
the more humus in the soil and the more it is
structured, the lower its density and vice versa [1-
3, 14].

Materials and methods. Soil analysis
allows you to accurately determine the chemical
composition and fertility of the soil, which is crucial
for choosing the -cultivation of crops and the
necessary fertilizers. The selection of soil samples
by square or adaptive nets is common. The use of
the square mesh method is the simplest, which is
carried out on homogeneous field soils every 1, 3,
5, 10 hectares, etc. For example, for a sub -
analysis on average on an area of 80 hectares it is
necessary to make 1600 soil punctures (Fig. 1) [3,
7, 8].

a) b)

Fig. 1. Schemes of soil sampling: a)
sampling in the center of the grid; b) possible
options for placing the collected samples to
create a mixed sample [7]

Removal of soil samples when using the
adaptive mesh method is randomized depending
on the field factor selected (navigation data, yield
maps, soil differences, or other zoning methods),
where the main attention is paid to the content in
the soil, etc. The productive value of the soil can
be detected by the existing degree content of
chemical elements. [3, 7, 8].

Results. At the present stage of
agriculture development, programming of the yield
of all crops, including beetroots is a prerequisite
for its intensification. Beetroots biological crop
contains much more nutrients than most grain
crops [9-13].

To calculate the potential crop, we use the
method of photosynthetic activity of radiation
(FAR) [3]:

Q-K
- 1)

10°-C

where PC is the yield of absolute mass,

PC =

c/ha;
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Ka - Use coefficient FAR, %, Ka =5 %;
Q - FAR amount for the growing
season, kJ/ha, C= 16,76 - 108,
C - the amount of energy accumulated
by a substance, Q=1190-10°% kJ/ha.
_1190-10°-5
10?-16,76-10°
We determine the potential harvest of
basic products, t/ha:

=355 c/ha.

_ 10PC
“ (100-B)-¢, "
where PCa - potential harvest of basic
products at standard humidity, t/ha;
B - Standard humidity, %;
En CyMa 4YacTuH Yy BiHOLUEHHI
OCHOBHOI Mpoaykuii 4o nobivHoI.
_10-355
“ (100-76)-1,4
We define the climatic harvest:
KH. :100-W ,
WK,
where KHa - climatic-protected crop of

absolutely dry substance with a limiting moisture,
t/ha;

@)

=10,7 t/ha.

3)

W - supply of productive moisture, W=400

mm;
Kw - Water use coefficient, Kw = 10 m3/t.
1004001 s
400-10

We calculate the potentially possible crop

taking into account the main climatic guidelines:
H=23-h+313,5K- 35,03, 4)
where h - duration of the vegetative

period, days;
K - Humidity indicator.
W, +H
=—b (5)
018.-¢-®

where Wbp- the amount of productive
moisture in the meter layer of soil before sowing,
mm;
H - rainfall during the growing season,
mm;
£-0 - the sum of active temperatures at
n =160, H =540, £ - ® =2430.
_220+540
0,18-2430
H=2315+31,35-1,74 - 35,03 = 54,02 t/ha.

174.

Planned beetroots yield 54 t/ha.

Calculation of fertilizer standards for
programmable yield.

An  important  condition  for  crop
programming is the development of a proper
fertilization system for crop crops.

We calculate the removal of certain
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nutrients of the planned crop:
B = Pch — Cs, (6)
where B - removal of the nutritional

element of the programmable crop;
Pch - Programmed crop, t/ha;
Ce removal of the nutrient and
guantity of basic and by -products, kg/t;
Pn =54 4,0 =216 kglt;
Br =54 - 1,8 = 81 kglt;
Bk =44 - 5,0 = 270 kgit.
We calculate the norms of mineral and
organic fertilizers together [14];
D:ZLOO-R—(N ~Cm+D0COK0)
K.C
where Do - dose of application of organic
fertilizers, t/ha;
Co - mass of mineral substance in one
tone of organic fertilizers, kg;
Ko — The coefficient of use of mineral
substances of organic fertilizers, %;
R - removal of nutrients with a planned
crop, kg/ha;
N - the amount of nutrients in the saill,

(7)

kg/ha;

Km - the coefficient of use of mineral
substance of soil, %;

Ky - The coefficient of use of mineral
substance fertilizer, %;

C - the amount of active substance of
fertilizers.

After calculations, 228 kg/ha - nitrogen, 85
kg/ha - phosphorus and 280 kg/ha - potassium
fertilizers are required to produce 54 tons of
beetroots, but part of the need (especially
potassium and partially nitrogen) can be covered
with organic fertilizers (manure, siderata).

Regulation of physical and mechanical
characteristics of soils is an important area in
ensuring a stable crop yield and maintenance of
soil fertility.

Conclusions. The systemic combination
of mechanical, chemical and biological measures
provides a complex improvement of the physical
and mechanical properties of the soil, optimization
of the soail tillage system in order to reduce its
destructive influence, which is the basis for
sustainable agricultural production.

Improvement of agro-technologies and
maintaining the ecological balance of soils is a
priority for improving the physicochemical
composition of soils and ensuring high fertility.

The physical and mechanical properties of
the soil have a decisive effect on the quality and
volume of agricultural crops. Important in the
programming of yields the right approach in the
analysis of soil conditions for growing crops and
adapted specific conditions. As a result of the
analysis, data on accurate agriculture can be
obtained, in accordance with the productive value
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of soil, the cost of differentiated fertilizers, the
number of unspent materials and potential
programmable yield. Such integration of different
approaches and adaptation to specific soil and
climatic conditions allows to provide an
environmentally safe, resource-saving and highly
productive agriculture
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BMNINMUB ®IBNKO-MEXAHIYHUX
BNACTUBOCTEW NPYHTY HA
NMPOrPAMOBAHY YPOXAMHICTb
CIbCbKOIOCNOAAPCbLKUX KYNIbTYP

[Mpobriema OoOCiO)eHHs [PyHMI8 HUHI €

Had3su4alHo akmyarnbHow  Onsi  bacambox
eanysel CiflbCbKO20 e2ocrnodapcmea.
lMpodykmueHa uiHHICMb rpyHMy 3anexums 8i0
bazambox  3MIHHUX  ¢bakmopie,  8K/oYaroyu
gosioeicmb, memnepamypy, cknad, crnocobu
06pobKu, poldroyicmb, SiKi, Yy €80 4Yepey,
8U3HayalmbCsi  8MICMOM  HeOop2aHIYHUX |

OopeaHIiYHUX KoMroHeHmie. HalnpodykmusHiwuumu
3 MOUYKU 30py podoHOCMIi 88aXkarombCs rPyHMU 3
8EJIUKOIO  KIfIbKICMIO  Op2aHiYHUX  PeyosuH |
ornmumalsibHUM 8MiCMOM MiHeparibHUX PeYO8UH.

Y cmammi npoaHanizogaHo posib hi3UuKo-

MexaHIYHUX enacmusocmel rpyHmy y
3abesrneyeHHi rpoepamogaHo20 ypoxxaro
cinbcbKoaocrnodapcbkux  Kynbmyp. 3a3HayeHo

K/IK0408Y PoJib IPYHMOB8020 cepedosuwia y pocmi
pocriuH ma opMyeaHHi 8poxalHoOCmi, a makox
ernnue o2o hi3U4HO20 | MexaHiYHo20 cmaHy Ha
800HuUL, NO8IMPSAHUL | MOXUBHUU pPEXXUMU.

Po3sansHymo OCHOBHI napamempu:
winbHicms yKnadaHHsi, g8osioaicma,
2paHyrnomempu4HuUl cknao, cmyniHb
cmpyKkmypogaHocmi, 8000MPOHUKHICMb,
KaninspHicmb | pigeHb aepauil. HaeedeHo
MOPIBHSNBbHUU aHani3 PisHUX murie rpyHmig y
KOHmekcmi ix npudamHocmi 00 eupouly8aHHsi
okpemux Kynbmyp. OnucaHo, SK [OPYWEHHSs
pIi3UKO-MexaHiYHOI pieHOBazu rpyHmig
(YWinbHeHHs, epo3is, empama cmpykmypu)
HezamueHO 8r1/1uearmb Ha pPO3B8UMOK POCIIUH,
CripuquHsitoyu  Oebiyum  KUCHIO,  rOpYyUWeHHs
ro2fiuHaHHs 80/102U Mma 3HUXEHHSI akmueHOCmi
KopeHegoi cucmemu.

lpudineHo ysazy aspomexHiYHUM
memodam, wo cripusioms MOKpaWeHHo
Ii3U4HO20 cmaHy  [pyHmig:  3acmocye8aHHH

opaaHidHUX 0obpus, 06pPO6IMKY, MyIbYy8aHHS,
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culeparnbHo2o  3emniepobcmea, a@  Makox
CiBO3MIHU 5IK €riocoby 36epexeHHs podroyocmi.
AHaniz rpyHmy 00380719€ MOYHO 8U3HaYuUmu
XimiyHult cknad ma poldrdicmb PyHMy, Wo €
gupiwanbHUM ons subopy 8i0rno8iOHUX
CiflbCbKO20Cn00apChKUX Kynbmyp ma HeobXxidHux
dobpus. [NpusedeHi po3paxyHKU HOPM BHECEHHS
dobpus ma  npoepamosaHy  ypoxalHicmb
rnomeHuyianbHO20 8poXxaro KopeHernnodis
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uyKposux bypsikie.

Knrwo4yoei cnoea: rpyHm,  @hi3uko-
MexaHi4yHi enacmueocmi, cmpykmypa [pyHmy,
winsbHicma, goriozicme, ypoxxaliHicma,
npoepamosaHicmsb 8poxaro, aspomexHika,
rpyHmo3saxucHe 3emnepobcmeo, KopeHersioou,

uykposul 6ypsiK.
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