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Aims. To find opportunities for application of the pedotransfer models in planning of the precise agriculture
using spherical variograms’ uniformity, similar values of dispersion thresholds and correlation radii, authentic
correlation connections between baseline and functional soil parameters. Methods. Both the soil texture and
humus content are used as the base components of the models, while the indicators for soil tillage method
choice, such as, structural composition, bulk density and penetration resistance — as the effectiveness functions.
Results. The agrotechnological contours for differentiation of soil tillage intensity revealed on the basis of
settlement models and natural researches on a field appeared to be similar enough both as for configuration and
area. Conclusions. Pedotransfer models are perspective in precise agriculture under condition of development

of remote methods of definition of base parameters.
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INTRODUCTION

The retarded mastery of the precise agriculture even
in the countries with a good technical equipment of ag-
ricultural production occurs as a result of the complex
procedure for the establishment of the spatial heteroge-
neity of field and development on it of enclosures with
different levels of fertility [1, 2]. This requires laying in
the field of the regular network of elementary plots and
proceeding of the plenty of various field and laboratory
analyses. That explains numerous attempts to search
for the more effective methods of field parcellization
(splitting) into the agro-technologically acceptable en-
closures with different fertility. In this case the harvest
colorfulness data obtained from harvesting are used
most frequently [3—5]. However, this method does not
always accurately reflect the heterogeneity of the soils
within the field, since it is known, how many factors
(including the random ones) influence on the harvest
value. The detailed hypsometric maps are also used.
That is half-way reasonable, since far from all elements
of fertility depend on a change in the relief [6—8]. The
dependences of fertility on the electrical conductivity
are unreliable in the same manner exactly, since only in
some soils enriched by electro-active components and

12

moisture the like dependences can occur [9, 10]. The
studies connected to the remote methods application
seem to be more promising, as they allow to detect suf-
ficiently reliably the soil texture and humus content —
the most important base components in any pedotrans-
fer models [11—13]. Either, the online study of the soils’
physical and chemical properties applying the attached
of penetrometer and spectrophotometer respectively
described earlier [14].

The purpose of this exploration is an attempt to use
the pedotransfer models, whereto physical clay and hu-
mus are the base components and the soil physical state
parameters are the functions, and to select the tillage
methods on the basis hereof.

MATERIALS AND METHODS

The field in the Forest Steppe of the Kharkiv Region,
whereto three types of soil are detached: chernozem
typical eroded slightly (chernozem chernic), cherno-
zem podzolized (chernozem chernic), and dark gray
podzolized soil (phaeozem albic), is used as the object.
Within the area of 40 hectares the regular network of
45 elementary plots was placed. For each of them the
content of physical clay, total humus, bulk density,
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penetration resistance, and structural composition were
determined; the harvest was also taken into account.
Statistical and geostatistical indices, pair and multiple
correlation coefficients were calculated. The final stage
of data processing consisted of the 2D-diagrams con-
struction according to the experimental data (applying
the Surfer software). Further on, the same diagrams
for blocky, bulk density, and penetration resistance (as
indicators of the precise soil tillage) following the cal-
culated pedotransfer models were also drawn. As the
result of the comparison of calculated and experimental
diagrams the opportunity of applying the differentiated
(precise) methods of soil tillage on the basis of pedo-
transfer models has been proven.

RESULTS AND DISCUSSION

The estimation of pair and multiple correlation coeffi-
cients between the base (humus and physical clay) and
functional (blocky, bulk density and penetration resis-
tance) indices granted the completely encouraging in-
formation about the opportunity for the formalization of
the interrelation between them (Table 1). The tendency of
soils toward compaction, strengthening and block forma-
tion is reduced alongside to increase organic matter and
physical clay in their composition. Of course, this asser-
tion is appropriate only for the investigated range of base
characteristics and, probably, it will be disrupted with san-
dy particles increase and humus decrease in the soil con-
tent. In particular, as for sod-podzolic soils of the Polissia.
Therefore, the further developed pedotransfer models can
be appropriate, most likely, only for the loamy chernozem-
like soils of the Forest Steppe, even then subject to their
thorough checking. However, despite the limitations in
the application of models, their prospects are undoubted,
since the regulation of the soil physical properties in the
before seed period appears to be important for the harvest
forming [15]. The block elimination from the seed layer
is especially urgent, as it accelerates the crop germination
due to the more rational expense of the accessible mois-
ture reserves. The development of roots into the depth of
the subsurface layer is simultaneously improved. That
mitigates the dangerous consequences of frequent drought
in May drought and increases the adaptation of plants to
the moisture deficiency. The results of correlation coef-
ficients calculation between the functional parameters and
harvest of barley performed according to the accessible
data also confirm this dependence (Table 2).

The statistical and geostatistical estimations of
base and functional indices are represented in Ta-
ble 3. Although, the variability of base indices is
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Fig. 1. Co-Variograms of Base and Functional Indicators For
0 to 10 cm Soil Layer of the Examined Field

Table 1. Pair and Multiple Correlation Coefficients Between
Base and Functional Indicators Within the Soil Layer of 0
to 10 cm

Functional Indicator
Base
Indicator Bulk Penetration
Blocks . i

Density Resistance

PhC -0.52 -0.81 -0.75

H -0.53 -0.73 —-0.68

PhC, H -0.55 -0.84 -0.77

PhC - Physical clay; H — humus.

Table 2. Pair Correlation Coefficients Between Crops’ Har-
vest and Soil Physical Parameters

Physical Depth, Correlation
Parameter cm Coefficient
Blocks’ Content 0-10 -0.57
0-5 —0.68
Bulk Density 10-15 -0.70
20-25 -0.60
30-35 -0.48
Penetration Resistance 0-10 -0.79
10-20 -0.77
20-30 -0.70
3040 —0.64
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moderate, while as for the functional ones — in-
creased, the presence of autocorrelation function,
i.e., its significant difference from zero, proves ex-
istence of spatial heterogeneity within the exam-
ined field. The omitted in the current article, though
explicit peaks in the curves of the dispersion spec-
tral density give evidence on the same. The uniform
(exception of lumpy fraction) spherical variograms
with the very close in value correlation radius para-
meters catch attention (Fig. 1). It means that studied
indices vary within the field space similarly, while the
dispersion threshold is reached at one and the same
distance approximately. Within this very zone exactly
(dispersion fluent subsidence) the bounda-ries between
the separate elements of precise agriculture should be
searched for.

However, the statement of the kind is insufficient.
Indeed, it is necessary to establish the precise con-
figuration of the plots possessing the characteristics
diverse in quality. For that end, it is necessary to draw
2D-charts (Fig. 2). Even preliminary analysis of the
charts and comparison between them allow to state
the presence of sufficiently explicit spatial localiza-
tion of the investigated indicators. In accordance with
the negative correlation coefficients the following
should be concluded: the less the humus and physi-
cal clay content in the soil is, the higher the balanced
bulk density, penetration resistance and block forming
ability are. While referencing these charts to the soil
map of the examined field it has been revealed that
erodity and podzolization (podsolize) rate increase
similarly. In other words, it is possible to assert con-

Table 3. Statistical and Geostatistical Estimations of Base and Functional Indices (Soil Layer 0 to 10 cm)

Parameter HUMUS Physical Balanced_ Pengtration Blocks
Clay Bulk Density | Resistance

Average 5.0% 49 % 1.15 g/cm® 24 kgf/cm? 10.9%
Total Excursion 2.0% 21 % 0.20 g/lcm?® 30 kgf/cm? 26 %
Standard Deviation 0.44 4.39 0.04 6.94 6.6 %
Dispersion 0.2 19.3 0.0 48.2 43.6
Variation Coefficient 0.09 0.09 0.04 0.29 0.60
Asymmetrical Coefficient —-0.90 0.11 0.26 1.02 0.27
Nugget Effect 0.02 2 0 0 0
Dispersion Threshold 0.197 16 0.0015 54 ?
Correlation Radius, m 250 240 250 260 ?
Variogram Spheroid Spheroid Spheroid Spheroid Linear
Authentic Autocorrelation Function Availability + + + + +
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Fig. 3. Pedotransfer Models for the Functional
Indices Estimation
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Fig. 4. Estimated 2D-Charts For the Functional Indices: 1 — no more tillage needed; 2 — one-time before seed cultivating

needed; 3 — 2-3-time cultivating, or rotary tillage needed

fidently that these very features of soils lead to the
differentiation of indices in the field and precisely
they require the adequate differentiation of agrotech-
nological methods.

The charts’ processing using the same Surfer software
allowed to obtain the areas of contours with different
indices (Table 4), while the application of normative
indices (Table 5) — to combine separate contours into
the agrotechnological groups with various tillage tech-
nologies. The areas of the basic agrotechnological
groups for different tillage within the field obtained by
both experimental and calculation method are shown
in Table 6.
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The normative indices of the balanced bulk density
have been developed on the basis of the long-standing
generalized model studies [16]. The data on the blocks
and increased penetration resistance adverse effect are
available at published sources [17, 18].

The next stage of the research was dedicated to the
search for the pedotransfer model for the functional indi-
ces estimating on the basis of baseline indices. The results
of processing and models themselves are shown in Fig. 3.
They reflect the sufficiently explicit regularities between
the baseline and functional indices, i.e., illustrate the ne-
cessity of important condition fulfillment for the success-
ful construction of the pedotransfer models [19, 20].
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Furthermore, 2D-charts were drawn together with
the agrotechnological groups’ area calculation using
both the models and data on the humus and physical
clay content in 20 additionally taken samples, regularly

Area

%
154
255
26.6
20.0
12.5

placed within the explored field. The estimated 2D-
charts and the field areas obtained as a result of the ex-
periment and calculation are given respectively in Fig.

Blocks,
%
<5

5-10
10-15
15-20

>20

4 and in Table 6.

2-D-charts of balanced bulk density, penetration re-
sistance and blocks are close in the localization of simi-

ha
9.95
16.72
5.15
4.89
2.71
0.71

lar values, but nevertheless, they differ essentially in
| their agricultural significance. Thus, the bulk density
of the field does not almost exceed the critical values

Area

%
24.80
41.66
12.82
12.18

6.76
1.78

within its whole area (more than 1.3 g/cm?® for the ma-
jority of the crops). Therefore, this index is possible not
to be used while solving the issue on the differentiation

Penetra-
tion
Resis-
tance,
kgf/cm?
15-20
20-25
25-30
30-35
35-40
40-45

of before seed tillage. Just opposite conclusions are
reasonable as concerning the other indicators — pene-
' tration resistance and blocky. The values of these two
parameters strictly require the appropriate correction

0.75
2.50
8.65
17.85
6.54
2.56

of some parts of the field. Since the largest area that
needs correction appeared to be detected applying the
block index, it is exactly that should be used for the fi-

1.28

Area

%
1.88
6.22

21.56

44.48

16.30
6.38

nal choice of the before seed tillage intensity. It should
be noted, according to agricultural requirements for the
seed layer, there must be no blocks in it completely,

3.18

Bulk
Density,
g/lcm?®
1.05-1.08
1.08-1.11
1.11-1.14
1.14-1.17
1.17-1.20
1.20-1.23

since they cause the rapid drying up of this layer and
detain the sprouts appearance [21]. However, there are
discrepancies as for the size of blocks in the soil sci-
ence and agriculture. In the soil science any lump 10
mm in diameter is considered as a block, while in agri-

1.23-1.26

ha
2.66
9.61
21.39
4.63
1.77
0.07

culture it should be more than 40 mm.

Thus, all mentioned above states the possibility in

Area

%
6.62
23.94
53.29
11.54
4.42
0.18

principle to detect the agrotechnological groups for dif-
ferent tillage methods implementation within a field us-
ing for this the pedotransfer models. The base index for

Physical
Clay,
%
40-44
44-48
48-52
52-56
56-60
6064

the latter is the humus and physical clay content, and
the functional one — the balanced bulk density, penetra-
! tion resistance and lumpiness. It is assumed, this task
was solved successfully, but concerning the practical

ha
0.15
0.57
3.60
5.86
11.66

14.93

aspect, numerous difficulties appear. Thus, the deter-
mination of the humus and physical clay content is un-
fortunately not simpler and even more expensive than

3.37

Area

%
0.38
1.42
8.96

14.60
29.04
37.20

the direct measurement of the bulk density, blocky, and
furthermore, the penetration resistance of soil. Even on
the condition that elementary verifying plots, as in cur-

8.40

Humus,
%
3.6-3.9
3.9-4.2
4.2-45
45-4.8
5.1-5.4

4.8-5.1

Table 4. Contours' Areas For Base and Functional Indicators For 0 to 10 cm Soil Layer of the Examined Field

[EN
[op]

rent exploration, will be only 20 instead of 45 initial
ones. Indeed, similar analyses require the significant
time expenditures for the selection of soil samples, their
delivery into the laboratory, and also further complex

54-5.7
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Table 5. Provisional Standards For Seed Layer Physical Parameters Estimation Towards Substantiation of Mechanical

Tillage Intensity*

Seed Layer Tilled Layer Quality Recommendations For Before Seed
Value Value Tillage Intensity

Blocks Amount, %

<5 Productive No Tillage Needed

5-15 Satisfactory Moderate Tillage

>15 Unsatisfactory Intensive Tillage
Bulk Density, g/cm?:

<12 Productive No Tillage Needed

12-13 Satisfactory Moderate Tillage

>1.3 Unsatisfactory Intensive Tillage
Penetration Resistance, kgf/cm?:

<20 Productive No Tillage Needed

20-30 Satisfactory Moderate Tlllage

> 30 Intensive Tillage

Unsatisfactory

*The standards are appropriate for the medium and heavy texture soils.

Table 6. Comparison of Empirical and Estimated Areas of the Main Agrotechnological Groups of the Field For Different

Performance Before Seed Tillage (According to the Blocks Content, %), ha

Empirical Groups’ Areas

Estimated Groups’ Areas

1(<5) 2 (5-15) 3 (>15)
6.2 20.6 13.2

1 2 3
34 222 14.4

of preparatory procedures before measurement exactly.
Hence, it follows that the pedotransfer simulation on
the purpose indicated in the article can become urgent
only when other, simpler and more efficient methods
of measurement of base indices will be found, in situ
and on-line desirably. In this context, remote methods
and laser diffractometry technique are promising. The
survey of the new base indices measurement methods
(according to published data) are given [22—24]. Tak-
ing into account the significant prospects for the pre-
cision agriculture, including the precise soil tillage, it
would be desirable to hope that soon the new remote
measurement methods of the humus and physical clay
content in the soil will be developed.

Conclusions. The method of the field contours dis-
tinguished by the physical properties in the seed layer
was substantiated for differentiated (precise) tillage
performance within them. The choice of the tillage
intensity (the number of before seed cultivations) is
performed in accordance with the standards (as for the
studied field — the blocky standards).

For calculation, the pedotransfer models, whereto
the humus content and physical clay are the base com-

AGRICULTURAL SCIENCE AND PRACTICE Vol.1 No.2 2014

ponents, while the bulk density, penetration resistance
and block content taken as the indicator for the field
physical state estimation before accomplishment of be-
fore seed cultivation are the functional ones, have been
proposed.

The comparison of the experimentally obtained con-
tours, with the ones calculated applying the models re-
sulted satisfactory.

The arguments for the intensification of scientific
research aimed to develop the noncontact methods of
base indices measuring, i.e., physical clay and humus,
and thus, accelerated introduction of the precise soil
tillage methods were adduced.

Ienorpancdepne MoaeI0BaAHHS
Y TOUHOMY 3eMJIepoOCTBI

B. B. Mensenes
e-mail: vvmedvedev@ukr.net

Hamionanbnuii HaykoBUi IeHTp «[HCTUTYT IpyHTO3HABCTBA
ta arpoximii imeHi O. H. Coxonosceroro» HAAH VYkpainu
Byn. YaiikoBcrkoro, 4, XapkiB, YkpaiHa, 61024

Meta. BUKOpHCTOBYIOUYH OIHOTHITHICTH CHEPUIHUX Bapio-
rpam, moAiOHI 3HAYEHHS MOPOTIB JHcIepcii 1 paaiyciB Ko-
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perAmii A7 HUX, JOCTOBIPHI KOPEJAMiiHI 3B S3KH MiX
6a30BUMH 1 (PYyHKITIOHAIEHUMH TIOKa3HHKAMH TPYHTIB, BH-
ITyKaTH MOXJIMBICTH ISl 3aCTOCYBaHHsS IeAOTpaHchep-
HAX MOZeNell y IUTaHyBaHHI TOYHOTO 3eMJepoOcTBa.
Metoau. Sk 06a30BI KOMIIOHEHTH MOIENIEH 3aCTOCOBAHO
TPaHYJIOMETPUYHHN CKJIaJ 1 BMICT TyMyCy, a IUTBOBHX
(GyHKIIH — IHANKATOPH, Ha MMiACTaBl SIKUX OOUPAIOTH CIIOCO-
6u 0OpOOITKY TPYHTIB, — CTPYKTYpHHUH CKIaJ, IIUIBHICTH
OymoBu 1 TBepaicTh. Pe3dysabTaTtu. I3 3acTocyBaHHIM poO3-
paxyHKOBUX MOZEJNEH 1 HaTypHHUX IOCIHIIKEHb BHU3HAUYEHO
Ha TIOJIi arpoTeXHOJOTIYHI KOHTypW it audepeHIiarii
IHTEHCHBHOCTI MEPEIIOCIBHOIO 00pOOITKY, SIKi BHSBUIIUCS
JIOCHTh CXO)KUMH 32 KOH(ITYpaIli€ro 1 TIoniero. BUCHOBKH.
[enorpancdepHi Mozeni NepCNeKTHBHI y TOYHOMY 3eMiie-
pPOOCTBI 3a YMOBH PO3BUTKY MUCTAHIIIHHHX METOIIB BH3-
HaueHHs 0a30BUX MMOKA3HUKIB.

KarouoBi ciioBa: menorpanHcdepHi Mozemi, TpaHyJIOMeT-
PUYHMI CKJIaJ TPYHTY, BMICT T'yMyCy, arpOTEXHOJIOTiuHI
KOHTYPH TOJISL.

IenorpancepHoe MoaepoBaHue
B TOYHOM 3eMJle1eInI

B. B. Mensenes
e-mail: vvmedvedev@ukr.net

HanunonaibHblil HayyHbIl HEHTP «HCTUTYT IOYBOBEACHUS
u arpoxumun umeHu A. H. CokosioBckoro»
HAAH VYkpaunsl
V. YaiikoBckoro, 4, XapbkoB, YkpauHa, 61024

Hens. Vcmoms3ys OMHOTAITHOCTE C(HEPHISCKUX BapHOTPaMM,
ONM3KHE 3HAYCHHS IMMOPOTOB TUCIIEPCHU U PATUYCOB KOP-
peIAIuN NS HUX, JOCTOBEPHBIC KOPPEIIMOHHBIC CBS3H
MeKTy 0a30BBIMA U (DYHKIMOHATEHBIMA TTOKA3aTEIISIMH TI0YB,
M3BICKaTh BO3MOXKHOCTH I MPUMEHEHHUs memorpancdep-
HBIX MOJeNieil B TUIAHMPOBAHHUHM TOYHOTO 3EMIIC/ICITHS.
MeTtoapbl. B xauecTBe 6a30BBIX KOMIIOHEHTOB MOJEIICH MPH-
MEHEHBI TPaHyJIOMETPUYECKHA COCTaB M COACpIKaHHUE Ty-
Myca, a IeNeBbIX (YHKIUH — WHIUKATOPHI, HA OCHOBAHHUU
KOTOPBIX BBIOMPAIOT CIIOCOOBI 0OPaOOTKM TOYB, — CTPYK-
TYpPHBI COCTaB, IJTOTHOCTb CIOXEHUS WM TBEPAOCTbD.
Pesysbrarbl. BhIsiBIeHHbIE HA OCHOBAHUU PACYETHBIX MO-
JleJiell M HaTypHBIX MCCIIEIOBAHUN HA TOJIE arpoTeXHOJO-
THYECKHEe KOHTYPHI U Tu(depeHIHai HHTCHCHBHOCTH
MPEANOCEeBHON 00pabOTKU OKa3ajuCh JOCTATOYHO MOI00-
HBIMH TI0 KOH(pUTYpanuu ¥ 1wiommaau. Beisoabl. [lenorpanc-
(bepm)le MOJCIIU NMEPCHCKTUBHBI B TOYHOM 3€MIJICACIINU TIPU
YCII0BUHU pa3sBUTUA AUCTAHIIHMOHHBIX METOAOB OIPCACIICHUA
0a30BBIX TIOKA3aTEIeH.

KaioueBble ciioBa: HC,HOTpaHC(I)epHBIC MOJECIIHU, I'paHyJio-
MeTpI/ILIeCKI/Iﬁ COCTaB IMOYBbI, COACPIKAHUEC TYMYCa, arpOTEX-
HOJIOTUYCCKUC KOHTYPBI ITOJIA.

REFERENCES
1. Godwin R. J., Earl R, Taylor J. C., Wood G. A., Brad-

18

ley R. I, Welsh J. P, Richards T., Blackmore B. S.,
Carver M., Knight S. Precision farming of cereal crops: A
five-year experiment to develop management guidelines.
Project Report 267 // Precision Farming of Cereals.
Practical Guidelines and Crop Rotation. — London,
HGCA, 2002. - 8 p.

2. Dawson C. J. Implications of precision farming for
fertilizer application policies // Scientific News of Na-
tional Agrarian University. — 2006. — 101. — P. 27—-42.

3. Moore M. The role of the Fieldstar system and in-
formation technologies in a modern agriculture // The
Collection of Proceedings of National Agrarian Univer-
sity. Mechanization of Agricultural Facilities. — 2002. —
11. - P. 98-102.

4. \oitiuk D. G., Aniskevich L. V., Kovbasa V. P., Zelins-
ky M. Z. Development of the specialized equipment
of agricultural machines for technologies of precise
agriculture (recommendations). — Kyiv : The National
Agrarian University Press, 2003. — 58 p.

5. Aniskevich L. V. Control system norms of entering of
materials in technologies of precise agriculture: The
author’s abstract of the dissertation on competition for a
scientific degree of Dr. Sci. Tech. — Kyiv, 2005. — 36 p.

6. Prokhorova Z. A. Studying of heterogeneity of soddy-
podzolic soils, diversity of productivity and connections
between them // Scientific Proc. “Theoretical Bases
and Methods of Definition of Soil Properties Optimum
Parameters”. — Moscow, 1980. — P. 104—118.

7. Jakushev V. P, Poluektov R. A., Smoliar E. I., To-
paz A. G. Precise agriculture (state-of-the-art review) //
The Agrochemical Bulletin. — 2001. — N 5. — P. 28-33.

8. Romanenkov V. A, Larin V. E., Lukin S. M. Research
of the processes defining spatial change of soil arable
fertility for modelling of productivity // Proc. “Modern
Natural and Anthropogenic Processes In Soils and
Geosystems”. — Moscow, 2006. — P. 305—-323.

9. Pozdniakov A. 1., Pozdniakova A. D. Quantitative inter-
pretation of data on soil vertical electric sounding with
application of R-function // Pochvovedenie. — 1983. —
N 10. — P. 20-125.

10. Petersen H., Fleige H., Rabbel W., Horn R. Geophysical
methods for imaging soil compaction and variability of
soil texture on farm land // Soil Managing for Sustain-
Ability — Advances In Geoecology. — Reiskirchen :
Catena GMBH, 2006. — Vol. 38. — P. 261-272.

11. Havrankova J., Godwin R. J., Wood G. A. Ground remote
sensing systems for determining canopy nitrogen in
winter wheat // Int. Soil Tillage Res. 17" Triennial Conf.
(Kiel, Germany, 2006). — Kiel, 2006. — P. 910-915.

12. Gychka M. M. The remote sensing in soil system mo-
nitoring of the Ukraine // Visnyk Ahrarnoyi Nauky. —
2005. — N 12. — P. 72—-75.

AGRICULTURAL SCIENCE AND PRACTICE Vol.1 No.2 2014



13.

14.

15.

16.

17.

18.

PEDOTRANSFER MODELING IN PRECISION AGRICULTURE

Truskavetskiy S. R. Use of multi spectral space scanning
and geoinformation systems in research of Polissia
soil cover of Ukraine : The author’s abstract of the
dissertation on competition for a scientific degree of PhD
Bio. — Kharkiv, 2006. — 23 p.

Medvedev V. V. Perspectives instrumental methods of
soil investigation at modes in situ and on-line (for
materials of newest publications) // Agrokhimiya i
Gruntoznavstvo. — 2007. — 67. — P. 10—18.

Burov D. I. About some questions of the theory of
tillage and its practical ways on chernozems of South-
East of RSFSR // Theoretical questions of soil tillage.—
Leningrad: Hydrometeoizdat, 1969. — P. 32—44.

Medvedev V. V., Lyndina T. E., Laktionova T. N. Soil
bulk density. Genetic, ecological and agronomic
aspects. — Kharkiv : 13 Publishing House, 2004. —
244 p.

Medvedev V. V. Soil penetration resistance. — Kharkiv :
City Publishing House, 2009. — 152 p.

Medvedev V. V. Physical degradation of chernozems.

AGRICULTURAL SCIENCE AND PRACTICE Vol.1 No.2 2014

19.

20.

21.

22.

23.

Diagnostics. Reasons. Consequences. Prevention. —
Kharkiv : City Publishing House, 2013. — 324 p.

Bouma J. Using soil survey data for quantitative land
evaluation // Adv. Soil Sci. —1989. — 9. — P. 177-213.

Shein E. V., Arkhangelskaya T. A. Pedotransfer func-
tion: Situation, Problems, Perspectives // Pochvovede-
nie. —2006. — N 10. — P. 1205-1217.

Field works quality estimation technique (Agronomic
braking). — loshkar Ola, 1968. — 86 p.

Medvedev V. V., Laktionova T. N. Soil texture of
Ukraine. Genetic, ecological and agronomic aspects.—
Kharkiv : Apostrophe, 2011. — 292 p.

Feifei P., Peters-Ligard Ch. D., King A. W. Inverse
method for estimating the spatial variability of soil
particle size distribution from observed soil moisture //
J. Hydrol. Eng. — 2010. — 15, N 11. — P. 931-938.

24. Hemmat A., Adamchuk V. I., Jasa P. Use of an instru-

mented disk counter for mapping soil mechanical re-
sistance // Soil and Tillage Res. — 2008. — 98, N 2. —
P. 150-163.

19




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


