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Aim. To investigate structural composition (lumpiness), bulk density and penetration resistance in soils of
Polissia, Forest-Steppe and Steppe. Methods. The experimental plots were allocated on the fields in a regular
network. The measurements performed before harvesting testified to an equilibrium condition of soil physi-
cal properties. The data ware processed by the geostatistical method. Results. The key parameters of spatial
heterogeneity (variation factors, histograms, autocorrelation function, variogrammes, 2-D and 3-D diagrams,
etc.) were received. The heterogeneity of physical properties, revealed in all soils, is characterized by moderate
and increased values. As a result the investigated fields were divided into three agrotechnological groups by
qualitative parameters of their physical properties. Conclusions. The recommendations on pre-sowing or basic
tillage of various intensity — without tillage (if parameters are close to the requirements of the sown culture),
with moderate tillage of zone type (if parameters are close to modal values) and with tillage of the enhanced
intensity (if parameters are unsatisfactory and more intensive pre-sowing tillage is required) were formulated

for each group.
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INTRODUCTION

Spatial heterogeneity of soil physical properties is not an
intensively studied direction of science. There are singular
publications on this topic. In particular, Shein et a/. [1] dis-
covered an especially wide range of bulk density fluctua-
tions in the ploughed layer of gray podzolic soils — from
0.98 to 1.48 g/ccm and the density of a considerable part
of the investigated allotment did not exceed the allowed
limit for most crops, grown on loamy soils (1.30 g/ccm),
therefore this part of the allotment did not require any pre-
sowing tillage. The work of Tymbaev [2], performed on
the same soil, demonstrated that the heterogeneity of bulk
density was formed in the course of May—July; in addition,
there was a considerable compaction (up to +0.35 g/ccm)
in some parts of the allotment and loosening — in others.
These processes were observed in the field of black fal-
low the least, and under the grain crop — the most. In the
work of Bolenius et al. 3] soil penetration resistance va-
ried at the depth of 10 cm (from 200 to 1,200 kPa) and
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30 cm (from 700 to 2,700 kPa). The yield of barley on
the experimental field fluctuated from 11.5 to 4.5 t/ha, re-
spectively.

Regardless of evident shortage of materials about
spatial heterogeneity of soil physical properties, it is
obvious that the accumulation of such data is an urgent
task, the solution to which will allow implementing
considerable advantages of precise agriculture for the
differentiation of soil tillage. Precise agriculture is still
almost exclusively used only while administering fer-
tilizers and chemical means of plant protection.

The aim of the work was to obtain the materials about
spatial heterogeneity of soil physical properties, which
could be used as a basis to formulate the suggestions on
precise tillage of field soils.

MATERIALS AND METHODS

The studies were performed on six fields, three of
which were located in Polissia (conventional names —
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Romaniv, Kolky and Vediltsy), two — in the Forest-
Steppe (Korotych and Kommunar) and one — in the
Steppe (Donetsk).

Romaniv, Volyn region. Gray podzolic (Albeluvisols
Umbric), sod-podzol (Albeluvisols Gleyic) and gleyed
black soils (Umbrisols Gleyic) prevail in the soil cover.
The terrain is flattened. The soil texture is light clay
loam. The size of the field is 63 ha, the number of ex-
perimental plots is 35. Cereal and forage crops are cul-
tivated. The agrotechnical methods of crop cultivation
are not differentiated, regardless of evident mottling of
the field.

Kolky, Volyn region. The soil cover is a complex of
sod-podzol gleyed (Albeluvisols Gleyic), sod-gley
(Gleysols Listic) and meadow-bog (Leptosols Umbric)
soils. The terrain is flattened. The soil texture is argil
sand. The size of the field is 11 ha, the number of ex-
perimental plots is 27. Forage crops are cultivated (on
the non-boggy part). The field has been dewatered by
an open network of partially non-functioning channels.
The studies have been conducted only on the non-bog-
gy part. The agrotechnical methods are not differenti-
ated in the field.

Vediltsy, Chernihiv region. Sod-mesopodzol (Albe-
luvisols Gleyic) loamy soils. The terrain is flattened.
The size of the field is 105 ha, some part of the field is
grassy, the number of experimental plots on the non-
grassy part is 117. Cereal and forage crops are culti-
vated.

Korotych, Kharkiv region. Dark gray heavy loamy
podzolic soil prevails. The terrain is slightly sloping.
The size of the field is 31 ha, the number of experimen-
tal plots is 35. Cereal and forage crops are cultivated by
the method, traditional for the Forest-Steppe.

Kommunar, Kharkiv region. Typical low humus
leached (Chernozems Chernic) heavy loamy cherno-
zem. The terrain is flattened. The size of the field is 30
ha, the number of experimental plots is 26. Cereal and
forage crops are cultivated.

Donetsk, Donetsk region. Ordinarily (Chernozems
Chernic) heavy loamy chernozem. The terrain is flat-
tened. The size of the field is 105 ha, the network of
experimental plots (51) is established on the part of
the field of 50 ha. Cereal and forage crops are culti-
vated.

Field experiments. The main research method, used
in the work, was a geostatistical approach. A regular
network of experimental plots, 5 X 5 m each, was es-
tablished in the field. The plots were geopositioned for
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the agreed sampling and registration of the yield. The
bulk density was measured in the ploughed and sub-
surface layers (the method of rings, the ring volume is
100 ccm, 5 repeats), the penetration resistance — up to
the depth of 35 cm (the Reviakin’s method, a plunger
of a flat type, 10 repeats), soil humidity — at the depth,
similar to that for the bulk density (the method of dry-
ing at 105 °C, 5 repeats), soil samples were selected to
determine the structural composition. The time of field
experiments is 2—2.5 months after the last treatment,
i.e. the measurements characterized the balanced state
of soil physical properties [4, 5]. The yield per 1 sq.m.
was determined in field conditions in 5 repeats.

LABORATORY EXPERIMENTS
AND DATA PROCESSING

The laboratory conditions were used to determine the
structural composition, including the definition of the
content of aggregates (Savvinov’s method, 4 repeats),
and to perform statistical and geostatistical data pro-
cessing. In particular, the variation coefficient and the
range of fluctuations were found, the histogram was
drawn (to determine the type of distribution and the
degree of its deviation from the Gaussian — normal
distribution), the variogramme was made (to estimate
specific geostatistical parameters — the threshold of dis-
persion, correlation radius and nugget-effect), 2-D and
3-D-diagrams were built (to establish the contours with
different parameters of physical properties and conse-
quently to define their areas), the autocorrelation func-
tion and its spectral dispersion density was estimated
(to assess the credibility of heterogeneity availability
and its fluctuations). The standard Surfer program and
the interpolational Kriging method were used in the es-
timation.

The ultimate aim of the mathematical processing was
to discover the working sites and to formulate direc-
tions for precise pre-sowing and basic tillage of soil.

RESULTS AND DISCUSSION

Structural composition. The structural composition
and especially the availability of separate aggregates
therein is the most important indicator of the physical
state of the sowing layer prior to the tillage and sowing.
According to agricultural requirements [6], not more
than 20 % of aggregates are allowed after the tillage,
and there should be none prior to sowing. It should
be noted that in the experiment, described in [7], even
10 % of aggregates in the sowing layer diminished the
advantages of the structural composition of chernozem
soil completely.
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Table 1 demonstrates statistical and geostatistical
characteristics of lumpiness in the investigated ob-
jects. In Polissia, only Vediltsy was used due to its
better expressed structure. Noteworthy are extremely
high variation coefficients. The variation coefficient
for Kommunar object reached 0.70 at a very conside-
rable range of fluctuations between the maximal and
minimal values. The agronomic consequences of high
variability of the lumpy fraction of the structure in the
upper soil layer are extremely unfavorable, as even its
insignificant presence in the soil leads to the deterio-
ration of the sowing quality, the increased evaporation
of available moisture and the decrease in the rate of
emergence and fullness of seedlings. All these affect
the development of plants until the harvest. In all the
objects (Fig. 1-4) the content of aggregates above
20 % was observed on the area of 33 % (Vediltsy),
29 % (Korotych), 26 % (Kommunar) and 65 % (Do-
netsk). Thus, the removal of aggregates from the sur-
face (sowing) layer is a very important task of till-
age. Taking into consideration the fact that this work
requires considerable energy consumption, it is cost-
efficient to have precise differentiated tillage only on
the needed part of the allotment.

Other specificities of spatial heterogeneity of the
structural composition are the emergence of nugget-
effect in some cases, the termination of variation at
the dispersion threshold value of 30—117 and the cor-
relation radius of 150-300 m (the parameter, defin-
ing the distance on the spherical variogramme, after
which there is no dispersion increase). It means that
structure heterogeneity is traced in different distanc-
es, and the sizes of allotment sites, similar in structure

properties, should be sought in the same range. The
sites with increased lumpiness are well observed on
2- and 3-D diagrams. The sizes of working sites for
differentiated tillage are usually changed depending
on the content of the lumpy fraction on different sites
of the field. For instance, if the main autumn tillage
is intended for sowing a spring crop in the follow-
ing year, the differentiation may be related only to the
sites with over 20 % of aggregates. If the pre-sowing
tillage is intended, tillage differentiation is obligatory.
It is clear on 2-D diagrams, which sites require en-
hanced and more qualitative division of the sowing
layer.

Structure variability of agronomically valuable size
is much lower. Therefore, its mottling should be con-
sidered less in terms of precise tillage. Moreover, the
increase of the number of aggregates of this size in the
structural composition is achieved not so much due to
mechanical tillage, as due to long-term and systematic
application of the elements of precise agricultural tech-
nology.

Finally, the share of dust is negligible and, according
to our data, is not relevant for precise tillage planning.
At the same time, the parameters presented may be used
as monitoring criteria — tillage should be performed in
a way that would not increase soil dispersion.

Below are the specificities of geostatistical char-
acteristics of the structure in the investigated fields.
The histograms of the distribution of indices for
all the fractions are remarkable for weak left or
right asymmetry, but the deviations from the clas-
sic Gaussian curve are still small. Autocorrelation
function and its reliability are noted on practically

Table 1. Statistical and geostatistical indices of the lumpy fraction of the structural composition (%) on the investigated

objects*
Index Vediltsy Korotych Kommunar Donetsk

Range of fluctuations 37.5 46.4 47.1 347
Average value 16.6 18.3 16.9 22.6
Median 15.3 16.3 13.0 23.0
Variation coefficient 0.64 0.57 0.70 0.43
Dispersion 114.3 108.6 142.3 95.4
Asymmetry coefficient 0.39 1.42 1.19 0.04
Nugget-effect 79 0 0 222
Dispersion threshold 117 30 — 35

Correlation radius, m 300 150 - 250

*The geostatistical indices (nugget, threshold and radius) were obtained on condition of variogramme approximation using

a spherical model.
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Fig. 1. Spatial heterogeneity of the content of lumps in the sowing layer (Vediltsy)

all the lags (steps). The variogramme is more fre-
quently approximated using the linear or spherical
model, and the spectral density of dispersion usually
has several peaks of fluctuations with a wide range
of frequencies. In general the spatial heterogeneity
of the investigated land allotments is absolutely evi-
dent. There are also remarkable differences between
the sites, which is evident while comparing 2-D and
3-D diagrams. Due to more complex topography, the
allotment with dark gray soil (Korotych) has a wider

6

network of isolines of structural fraction parameters.
It requires more precise differentiation of agrotech-
nologies on this allotment compared to another al-
lotment (Kommunar) with dominating typical cher-
nozem.

Bulk density. The coefficients of bulk density vari-
ation in all the investigated fields may be consid-
ered not high and moderate, as their value is in the
range of 5—11 % (Table 2). It should be noted that
in the work [8] the soil was called heterogeneous,
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Fig. 2. Spatial heterogeneity of the content of lumps in the sowing layer (Korotych)

if the variation coefficient for any property exceeded
25 %. The moderation of variability is also confirmed
with insignificant dispersion and relatively balanced
2-D and 3-D diagrams (Fig. 5, 6). At the same time, for
instance, the allotment site in Kolky had the density of
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over 1.5 g/ccm, which is unfavorable for most crops,
grown here, especially prior to sowing.

But the values up to and exceeding 1.6 g/ccm are
even more unfavorable. It is impossible to work the
soil using common tools with good quality, to sow
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Fig. 3. Spatial heterogeneity of the content of lumps in the sowing layer (Kommunar)

and to receive any emerging crops in such conditions.
This is one of the main reasons of mottling, remarkable
for Polissia. If such sites are permanent in time, they
should be either excluded from tillage at all or worked
on using more active (for instance, rotor) tools.

At the same time 10-25 % of the allotment area in
Kolky and Vediltsy and over 50 % of other investigated

8

fields have parameters of bulk density, similar to op-
timal ones (below 1.3 — in the Forest-Steppe and be-
low 1.4 g/ccm — in Polissia). Therefore, tillage on these
sites of allotments is not required prior to sowing more
demanding crops.

As the median and the average value of indices al-
most coincide, and histograms are close to Gaussian
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Fig. 4. Spatial heterogeneity of the content of lumps in the sowing layer (Donetsk)

ones, one may state the normality of this index distri-
bution. At the same time there are some, at least insig-
nificant, asymmetry coefficients. Their sign and value
(especially evident in the upper part of the pre-sowing
layer) are obvious evidence of their anthropogenic ori-
gin. The matter is the overthickening in the tillage pan,
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which turned out not to have any complete manifestation
and is locally limited only to specific (rather more humid
and low) spots (hatched site of allotment in Fig. 6).

The autocorrelation function tends to the reliable de-
viation from zero. It confirms the regular character of
spatial variability of physical properties.
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Based mainly on 2-D diagram of spatial information
about bulk density, it is possible to recommend the till-
age after the division of allotments into three parts — for
usual tillage, minimal tillage and no tillage.

Penetration Resistance. The variation coefficient fluc-
tuates in the range of 0.10-0.27 (Table 3) for the inves-
tigated objects which is considered to be mode-rate and
increased estimate and almost always guarantees the pres-
ence of spatial heterogeneity. Actually the autocorrelation
function is present, which is irrefutable evidence of the
presence of a specific spatial structure of penetration re-

sistance on all the fields and the substantiation of future
plotting (division) of the field. In other words, working
sites for differentiated administration of different tillage
methods may be found on each investigated field. How-
ever, it pertains to theory, whereas in practice the work-
ing sites should have a specific size and configuration to
ensure work cost-efficiency according to the principles of
precise agriculture.

Other specificities of spatial heterogeneity of pen-
etration resistance are also remarkable. The similarity
between median and average values confirms the nor-

Table 2. Statistical and geostatistical indices of bulk density in the sowing layer (g/ccm) on the investigated objects

Index Romaniv Kolky Vediltsy Korotych | Kommunar Donetsk

Range of fluctuations 0.60 0.45 0.25 0.47 0.31 0.61
Average value 1.19 1.47 1.40 1.31 1.30 1.16
Median 1.17 1.47 1.39 1.31 1.28 1.17
Variation coefficient 0.11 0.06 0.05 0.08 0.05 0.10
Dispersion 0.02 0.007 0.004 0.01 0.005 0.01
Asymmetry coefficient —-0.10 —0.046 0.22 0.43 0.61 -0.12
Nugget-effect 0 0 0.004 0.0004 0 0
Dispersion threshold 0.009 - 0.045 0.004 0.017 0.08
Correlation radius, m 250 - 450 300 120 350

Table 3. Statistical and geostatistical indices of penetration resistance (kgf/sq.cm) of the ploughed layer and tillage pan in the

soils of the investigated objects

Presence
. Range of . Average Standard . . Variation of reliable
Object, layers ﬂuctu%ltions Median Valueg deviation Dispersion coefficient | autocorrelation
function
Kolky:
ploughed 14 21 21 3.7 134 0.18 +
tillage pan 20 34 32 6.0 359 0.19 +
Romaniv:
ploughed 18 18 18 4.8 22.8 0.27 +
tillage pan 25 28 29 7.4 0.2 0.25 +
Vediltsy:
ploughed 27 23 23 0.2 38.9 0.27 +
tillage pan 18 40 39 4.0 15.7 0.10 +
Korotych:
ploughed 7 10 11 2.1 4.5 0.19 +
tillage pan 23 24 24 4.5 20.2 0.18 +
Kommunar:
ploughed 13 22 21 33 10.9 0.16 +
tillage pan 20 39 37 3.1 26.4 0.14 +

10
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Fig. 5. Heterogeneity of bulk density of the ploughed layer, g/ccm (Vediltsy)

mality of the distribution curve and generally insignifi-
cant impact of asymmetry and excess. It also testifies
in favor of precise agriculture technology as one should
not expect the domination of allotments with maverick
solidness values on the fields.

Penetration resistance has considerable differences
in the sowing layer and in the tillage pan. This reg-
ularity is found in loamy and heavy loamy soils, in

AGRICULTURAL SCIENCE AND PRACTICE Vol.3 No.1 2016

soils with high and low fertility levels. It should also
be noted that the penetration resistance of the inves-
tigated fields is mostly remarkable for considerable
values. Certainly, it should be also considered that
this is an equilibrium state and a plunger was a flat
disk. But even taking it into account, one should ad-
mit that such solidness values do not testify in favor
of complete tillage minimization for these fields.
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Fig. 6. Heterogeneity of bulk density of the plow pan pan, g/ccm (Kolky)

The visualization of penetration resistance on the
investigated fields brings clear demonstration of the
specificities of spatial mottling of this index. Almost

all 1-D diagrams of soil penetration resistance of ele-
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mentary sites are one-type (the data are not presented),
only the tillage pan is revealed in a different way — ac-
cording to the depth and value of the drop compared
to adjacent layers. It is remarkable that the tillage pan
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does not have any omission, therefore, only due to this
reason it does not require any complete tillage.

The range of the indices obtained fluctuates from the
penetrationresistance values, comparatively easily over-
come by the roots of practically all the cultivated crops
(notexceeding20kgf/sq.cm),tothevalues,evidentlyhin-
dering their growth and functioning (in the range of 30—
40 kgf/sq.cm). Only some roots can overcome this sol-
idness level on condition of sufficient humidity [5].
However, even in this case, as the mentioned high indi-
ces do not have any complete configuration, deep till-
age also requires differentiation.

It is noteworthy that successful germination of seeds
and the development of roots of the 1% order requires the
penetrationresistancenottoexceed 10kgf/sq.cm,oreven
5-7 kgt/sq.cm for small-seeded crops (such as sugar beets)
[9, 10]. Taking the abovementioned into consideration,
it is possible to recommend obligatory pre-sowing til-
lage, if the penetration resistance of the sowing layer
exceeds 10 kgf/sq.cm, deep pre-sowing cultivation,
if the layer, deeper than 7-12 cm, has the penetration
resistance index, exceeding 20 kgf/sq.cm, and at least
one deep tillage during the crop rotation (according to
the precise agriculture technology), if the penetration
resistance of the tillage pan exceeds 40 kgf/sq.cm.

Crop yield data and their correlation with soil physi-
cal properties. The range of fluctuations for crop yield
(in terms of crop units) on the investigated allotments
(dt/ha) is as follows: Romaniv — 20.2-54.3; Kolky —
1.4-20.2; Vediltsy — 9.0-32.2; Korotych — 10.7-29.8;
Kommunar — 19.4-43.3; Donetsk — 31.6-60.3. A con-
siderable range was also preserved in the after-effect on
the fields, where similar observations were performed
(Romaniv, Korotych, Kommunar). It is remarkable that
a considerable range of fluctuations was noted both on
the fields with more favorable fertility indices (Kommu-
nar) and on the field with the worst agronomic parame-
ters (Kolky). The negative correlation of the investigated
indices and the yield was rather high (Table 4).

It is most likely that yield mottling reflects both
the heterogeneity of soil physical properties and a
number of other factors of natural and especially
economic origin. A considerable contribution into
mottling is also made by poor quality of sowing,
administration of fertilizers, work at seedlings, and
harvest. Thus, the matter of solving the task of de-
creasing the mottling of field fertility should be start-
ed with increasing the quality of performing agro-
technical works.

AGRICULTURAL SCIENCE AND PRACTICE Vol.3 No.1 2016

Using the data obtained to plan precise tillage. Reli-
able spatial heterogeneity of lumpiness, bulk density
and penetration resistance, established on the example
of the investigated fields, provides for the substantia-
tion of their precise tillage. For this reason let us con-
sider the norms of distinguishing the contours with dif-
ferent parameters of physical properties and their area.
The latter may be used as directions for tillage differen-
tiation in the investigated fields proper.

Standards and area for soil agrotechnological
groups. A relevant argument in favor of precise agri-
culture is the data on the ratio of zones with favorable,
less favorable and unfavorable agrophysical conditions

Table 4. Coefficients of pair correlation between crop yields
and soil physical properties™

Soil index Depth, cm Coefﬁmp nt
correlation
Content of aggregates, % 0-10 -0.57
Bulk density 0-5 —0.68
10-15 —-0.70
20-25 —-0.60
30-35 —0.48
Penetration resistance 0-10 -0.79
10—20 —-0.7
20-30 -0.0
3040 —0.64

*The data on yields and soil physical properties of different
objects are united into one selection.

Table 5. The ratio (%) of areas with the application of dif-
ferent ways of pre-sowing tillage on the investigated objects
depending on the level of equilibrium bulk density of soils*

Tillage method
Object . . Standard for
No tillage Minimal
the zone
Vediltsy 10 50 40
Romaniv 60 30 10
Kolky 25 40 35
Korotych 50 40 10
Kommunar 70 25 5
Donetsk 75 22 3

*Standards to select the tillage method are demonstrated in
Table 6.
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on the investigated fields (Table 5). According to these
data, the field is divided into specific contours — no till-
age, minimal tillage and traditional tillage. The higher
the share of sites with favorable parameters of balanced
bulk density on the field in the pre-sowing period or
prior to the main tillage is, the more relevant (and more
cost-efficient) the precise tillage becomes.

While analyzing the data of Table 5, noteworthy is
considerable mottling in the ratio of the areas of agro-

layer, g/ccm

technological groups in the soils of different natural
zones and of different genesis. Natural fertility of
soils in Polissia, Forest-Steppe and Steppe has con-
siderable differences. It was rather surprising to find
considerable areas of the sites with favorable proper-
ties on Polissia objects of Romaniv and Vediltsy. This
considerable reserve of minimization (up to complete
refusal) of pre-sowing and other work is unfortunately
not realized yet, as Polissia is known for low popula-

Table 6. Preliminary standards of estimating physical properties of the cultivated soil layer to substantiate the intensity of

tillage practice*

Index Qualitative esttimate of the tilled ' Recpmmendation§ on 'the
soil layer intensity of pre-sowing tillage

Number of aggregates in the sowing layer, %:

<5 Favorable No tillage needed

5-15 Satisfactory Moderate tillage

> 15 Unsatisfactory Intense
Bulk density in the sowing layer, g/ccm:

<12 Favorable No tillage needed

1.2-1.3 Satisfactory Moderate tillage

>13 Unsatisfactory Intense
Penetration resistance in plow plan, kgf/sq.cm:

<20 Favorable No tillage needed

20—40 Satisfactory No tillage needed

> 40 Unsatisfactory Intense

*The standards are applicable to soils of medium and heavy loamy soil texture.
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rity of minimal and even more zero or similar tillage
technologies. At the same time it testifies in favor of
wide application of precise technologies in the men-
tioned zone.

The fields with chernozem soils almost do not have
any sites, requiring enhanced technology of crop cul-
tivation. Instead, there are large areas of soils in the
fields, referred by us to the agrotechnological groups
with favorable soil properties. Thus, it is possible to
state the presence of prerequisites for the development
of precise agriculture both in the Forest-Steppe and in
the Steppe. However, based on the ratio of areas on the
investigated objects, the content and direction of agro-
technologies are different.

Based on 2-D diagrams and standards, land allot-
ments are subdivided into separate sites, forming a
maximally justified rectangular form, most suitable for
the work of modern tillage machines. Fig. 7 presents
the example of field division with the isolation of sites
for tillage practice, different in its intensity, — intense,
minimal, zero.

Unfortunately, at present there are no technical
means, capable of accepting the standards regard-
ing the differentiation of tillage methods in the space
of a land allotment. However, there are attempts of
elaborating such instruments [11, 12]. The intensity
of tillage is automatically selected in the combined
rotor-type machine for pre-sowing tillage and sowing,
depending on the bulk density prior to the tillage. The
higher the density, the higher the speed of rotor spin-
ning is and the better the degree of soil tillage in the
sowing layer is.

Prospects of precise tillage in Ukraine. Precise till-
age is based on the information about spatial hetero-
geneity of soil physical properties of the field, the
main one being the structural composition (especially
the content of the lumpy fraction in the sowing layer),
bulk density and penetration resistance. After the geo-
statistical processing this information is transformed
into working sites for the administration of differen-
tiated agrotechnological methods. If the information
about spatial heterogeneity of the soil cover is en-
riched with the data about the administration of geo-
informational technologies and new technical means
and contains actual data on the external economic
situation, it is gradually transformed into a concep-
tionally new agricultural strategy.

The expressed spatial heterogeneity of soil physi-
cal properties in all the investigated fields, located in

AGRICULTURAL SCIENCE AND PRACTICE Vol.3 No.1 2016

Polissia, Forest-Steppe and Steppe, brings definitive
evidence in favor of the promising prospects of the
development of precise soil tillage in Ukraine. The
most vivid heterogeneity is manifested in the sow-
ing layer regarding the content of the lumpy fraction,
which makes the pre-sowing tillage a very relevant
object for precise tillage. The precise basic tillage is
also a promising approach, as the fields in all natural
zones are different in their bulk density, and some
fields (especially in the chernozem zone) with the
parameters, close to the requirements of plants, may
have zero tillage. It is the Forest-Steppe where the
efficiency of precise agriculture may be the highest,
although it is also promising in other natural zones
as well.

CONCLUSIONS

The lumpiness, bulk density and penetration resis-
tance of the main soils of Polissia, Forest-Steppe and
Steppe of Ukraine as reliable indices of their differen-
tiated (precise) tillage were studied. The reliability of
indices is proven by the presence of their rather high
correlation with the crop yield.

The heterogeneity of soil physical properties, diag-
nosed using the statistical and geostatistical criteria, is
characterized as moderate and enhanced, which creates
favorable prospects for the development of precise ag-
riculture in Ukraine.

Depending on the range of fluctuations for soil
physical properties and the standards of their quality
estimation the investigated fields were divided into
agrotechnological groups for differentiated (precise)
pre-sowing treatment. The ratio of qualitatively differ-
ent contours fluctuates depending on the natural zones,
but the differentiation in each of them is perceived to
be useful and cost-efficient, as it presupposes partial
and even complete refusal from pre-sowing tillage and
deep basic tillage.
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IIpocTopoBa HeoqHOPIAHICTH
(izuunux BiaacTuBocTEl IPYHTIB YKpaiHu

B. B. Mengenes, 1. B. ITiicko
e-mail: vvmedvedev(@ukr.net

HarionanpHuit HAyKOBHH IEHTP
«IHCTUTYT IPYHTO3HABCTBA 1 arpoximil

imeni O. H. Cokonoscskoron» HAAH Ykpainn

Byn. YaiikoBcbka, 4, Xapkis, Ykpaina, 61024
Mera. Jlocniauti CTPyKTYpHHI cKiiajl (OpHIIMCTICTD), IIiIb-
HicTh OymoBH 1 TBepmicTs y rpyHTax Ilomiccs, Jlicocremy
i Cremmy. Metonm. [{ingHKA U JOCTIDKCHHS HA TIONI BH-
JIJICHO METOJIOM HaKIaJlaHHsI peryisipHoi citku. Bumipro-
BaHHs, IPOBEJICHI Nepe]] 30MpaHHsIM BpOXKaro, CB1T4aTh Mpo
piBHOBaXHH CTaH (Pi3UYHUX BIACTUBOCTEH IpyHTIB. JlaHi
00poOIsIIM TeoCTaTHCTUYHAM MeTonoM. Pesyabratu. OT-
PUMaHO OCHOBHI HapaMeTpH MPOCTOPOBOI HEOAHOPIIHOCTI
(koedimienTH Bapiallii, ricTorpamy, aBTOKOpEJSLiHHA (yHK-
wis1, Bapiorpamu, 2-D- i 3-D-giarpamu Tomo). Heoxnopin-
HICTh (I3WYHMAX BIIACTHBOCTEH, BHUSABICHA U BCIX TPYH-
TiB, XapaKTepU3YEThCS] MOMIPHUMH 1 TiJIBHIEHUMHU 3HA-
YCHHSAMH. 3a pe3yJbraraMu OOpOOKH JaHUX JOCIIHKEHI
TIOJISL PO3JUICHO Ha TPU arpOTEXHOJIOTIYHI TPy BiIOBII-
HO IO AKICHHUX MapaMeTpiB iXHIX ()i3MYHHUX BIIACTHBOCTEH.
BucHoBku. /Ing xoxxHOi Tpyn# cOpMyTEOBaHO PEKOMEH-
Janii 1010 TMepeinociBHOr0O abo OCHOBHOTO 0OOpOOITKY
pi3HOT iHTEeHCHBHOCTI — 6€3 00poOiTKY (Tam, /e mapaMeTpu
HAOMIDKCHI 1O BUMOT BHCIBHOI KYNBTYpH), 3 TOMIPHUM
00pOOITKOM 30HAIBHOTO THUIY (e TapaMeTpu HaONMKeHi
JI0 MOJAJIBHUX BEJWYMH) 1 3 OOpPOOKOI TiJIBHUILEHOT iH-
TEHCHUBHOCTI (ITapamMeTpy He3aJI0BiJbHI, OTPIOHO BHKOHA-
TH OUTBII IHTEHCHBHE NIEPEIIOCIBHE PO3ITYIIIyBaHH).

KorouoBi ciioBa: rmpoctopoBa HEOTHOPIAHICTh IPYHTIB, (i-
3MYHI BIACTUBOCTI, TOYHHIH 0OPOOITOK.

IIpocTpaHcTBeHHAS] HEOAHOPOAHOCTH
(u3nYecKux cBONCTB NMOYB YKPaUHbI

B. B. Measenes, U. B. [Iincko
e-mail: vvmedvedev(@ukr.net

HarnonanbsHelil HayYHBIH LHEHTP
«HCTUTYT NOYBOBEAECHUS U arPOXUMUHI

nvenu A. H. CokonoBckoro» HAAH VYikpauasl
Vn. YaiikoBckasi, 4, XappkoB, YkpauHa, 61024

Hens. VccnenoBaTh CTPYKTYpHBIA COCTaB (IJIBIOUCTOCTH),
IIJIOTHOCTBH CJIOXKCHUA U TBEPAOCTH B ITOYBAX HOHQCBH, Jle-
cocrenu U Crenu. Metonbl. JlensHKH ISl UCCIIENOBaHUS
BBIJICJICHbl Ha MOJIE METO/IOM HAJIOKEHUS PEryJsipHOH ce-
. V3MepeHnsi, NpoBEICHHBIE Ieper YOOpKOH ypoxas,
CBHUJIETEIBbCTBYIOT O PABHOBECHOM COCTOSTHUN (hH3MUYECKUX
CBOMCTB 1MoYB. JlaHHBIC 00padaThIBaIN T€OCTATHCTUYCCKUM
MetofoM. Pesyabrarsl. [lomyueHbl OCHOBHBIE MapameTpbl
MIPOCTPAHCTBEHHON HEOAHOPOIHOCTH (Kod(duImeHTs Ba-
pHAaLNH, THCTOTPAMMBI, aBTOKOPPEISIINOHHAs (DYHKIHS, Ba-
puorpammsl, 2-D- u 3-D-mmarpammer u np.). Heomno-
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POIHOCTh (PU3UUECKUX CBOWCTB, BBISIBICHHAS BO BCEX MOY-
BaX, XapaKTEPHU3yeTCs] yMEPECHHBIMH M TIOBBIIICHHBIMU 3HA-
yeanaMu. [lo pesympratam 00paOOTKM NAaHHBIX HCCIEIO-
BaHHBIC TIOJNSI PA3JICTICHBl HA TPH arpoTEXHOIOTHYECKHE
TPYIIBI B COOTBETCTBUU C KAauECTBEHHBIMHU I1apaMeTpaMHU
X (U3NYECKUX CBOMCTB. BbIBoABI. [ KaxmIoi TpyIms!
c(hopMynupoBaHbl PEKOMEHJAIMU TI0 TPEATNOCEBHON HIIH
OCHOBHOH 00pabOTKe pa3IMuHON HHTEHCUBHOCTH — 6€3 00-
paboTku (Tam, Te mapaMeTpsl OJU3KH K TPEOOBAHUSM BBI-
ceBaeMOl KyJIBTyphI), C YMEPEHHOH 00pabOTKON 30HAIBEHOTO
Tuna (T7Ie mapaMeTpsl ONMM3KA K MOAATbHBIM BETMUHHAM) U
¢ 00paboTKOI TOBBIIIEHHOW WHTEHCHBHOCTH (ITapameTphl
HEY/IOBJIETBOPUTEIBHBI U TpelyeTcss Oojiee MHTEHCHUBHOE
MIPENIOCEBHOE PHIXJICHHE).

KoaioueBble cjioBa: TPOCTPAaHCTBEHHAs HEOIHOPOIHOCTD
1o4B, U3NYecKue CBONCTBA, TOUYHAst 00paboTKa.
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