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APPLIED ASPECTS OF PEDOTRANSFER MODELLING IN THE SOIL PHYSICS

Purpose. To consider some examples of pedotransfer models use. Methods. Statistics, mathematical modeling.
Results. On the basis of mass experimental material which is available in a database «Soil properties of Ukraine» are
developed linear and nonlinear pedotransfer models for the description of equilibrium bulk of density, soil-
hydrological constants and structure. As base parameters in models data of humus contents and physical clay are
used. Conclusions.Various applied aspects of pedotransfer modelling mainly in the soil physics are proved, which,
we hope, will promote popularization of this perspective direction.
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MMPUKJIAJITHI ACIEKTHU IEJOTPAHC®EPHOI'O MOJAEJIIOBAHHS Y ®I3UILI IT'PYHTIB

Mera. Po3rnsHyTH AesKi MPUKIaAd BUKOPUCTAaHHS nenoTrpancdepHix Moneneii. Meroau. CTaTHCTHYHUH, Ma-
TeMaTH4YHe MojenoBaHHA. Pe3yabTaTn. Ha mincTaBi MacoBoro SKCHepHMMEHTabHOTO Marepialy, HasBHOTO B 0asi
nmaHnx «BmactuBocTi IpyHTIB YKpaiHm» po3poOrieHi JiHiiHI i HeNiHiiHI enoTpaHcdepHi MOAETI A OMUCY PiBHO-
Ba)XHOI IMUILHOCTI OYZOBH, IPYHTOBO-TIZPOJOTIYHUX KOHCTAHT i CTPYKTYPHOTO ckiany. SIk 0a30Bi NMOKa3HHKH B
MOJIEJISIX BUKOPUCTAHO JIaHi BMICTY TyMycy i ¢i3uuHOl inHE. BucHOBKHM. OOrpyHTOBaHO Pi3HI NPUKIIA/IHI aCIIEKTH
neJ0TpaHc(hepPHOrO MOJICIIIOBAHHS TOJIOBHUM YMHOM y (i3UIll PYHTIB, 1110, CIOAIBAEMOCS, Oy/ie CIPHUSITH IMOIYJIs-
pH3aLil HHOTO MEePCHEKTUBHOIO HAIPSIMKY.

KarouoBi ciioBa: nenorpancdepHa MoJielib, BIACTUBOCTI IPYHTIB, (i3uKa IPYHTIB
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Xapvkrosckuti Hayuonanvusili yHueepcumem umenu B. H. Kapaszuna

HPUKJIAJHBIE ACIIEKTBI HEJOTPAHC®EPHOT'O MOJAEJINPOBAHUA B ®PU3UKE ITOYB

Hean. PaccMoTpeTs HEKOTOpPBIE MPUMEPHI UCIIONB30BAHMS MeN0TpaHC()EepHUX Moenel, KOTopble, HaleeMcs,
OyIyT comeicTBOBAThH MOIMYJISPU3AMN 3TOTO MEPCIEKTUBHOTO HampasieHus. Meroabl. CTaTUCTHYECKHH, MaTeMa-
THYecKoe MojenupoBanue. Pesyabrarsl. Ha 0ocHOBaHHM MaccOBOTO 3KCIIEPHUMEHTabHOTO MaTepHaiia, UMEIOIIET0Cs
B 0aze jaHHBIX «CBOWCTBA MOYB YKpauHbI» pa3paOboTaHbl JIMHEHHbIC U HEJIMHEHHBIE TTe0TpaHChEepHbIe MOJCIH IS
OTMCaHWS PAaBHOBECHOH IUIOTHOCTU CIIOKEHMS, TIOYBEHHO-THIPOIOTHIECKAX KOHCTAHT U CTPYKTYpHOTO cOcTaBa. B
KagecTBe 0a30BBIX IOKa3aTeleld B MOJENAX HCIIONB30BaHBI IJaHHBIE COMACPXKAHUSA TymMyca M (DM3UYECKOW TIIHHBL
BoiBoabl. O60CHOBaHBI pa3IMYHbIC MPUKJIAAHBIE aCTIEKTHI MIEA0TPaHC(HEPHOTO MOSIMPOBAHUS TJIABHBIM 00pa3oM B
(hm3nKe TOYB, YTO, KaK MBI HajieeMcsl, OyZeT CIIocoOCTBOBATh MOIMYJISIPU3ALIMH 3TOI0 IEPCIIEKTUBHOTO HATIPABICHUS.

KaioueBble ci10Ba: reioTpaHchlepHast MOJIEIIb, CBOWCTBA 1104YB, (pHU3MKa ITOYB

Introduction

History of pedotransfer models develop-
ment and their applied aspects are widely de-
scribed in the literature (E.V.Shein, etc., 2006).
Pedotransfer models allow to determine soil
properties, using for this purpose others which
will be measured easier and are cheapier to
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obtain. J. Bouma (1989) — one of active adher-
ents of application of models, wrote, that it is -
«transfer of data we have, in data we need». As
base in models data of texture, bulk of density,
the contents of organic substance more often are
used. With their help we can count soil-
hydrological constants, physico-mechanical and
technological properties, migration of a moisture


mailto:ecology.ecology@karazin.ua

Bicnux XHY imeni B. H. Kapasina cepis «Exonoeisy, eun. 15— 2016

and substances, estimate opportunities of soils to
form micro- and a macrostructure.

Realization of pedotransfer modelling
tasks and development of new types of models
will allow to develop a direction in the soil sci-

ence, connected with forecasting, various types
of estimations and, finally, management.

The purpose of article is to consider
some examples of use of pedotransfer models
which, we hope, will promote popularization of
this perspective direction.

Technigue and objects of modelling

Models describing macrostructure, equi-
librium bulk of density and soil-hydrological
constants, and as base parameters - data of tex-
ture and the contents of humus, available in a
database «Soil Properties of Ukraine» are used.
The base is created in laboratory of soil geoeco-
physics of National Scientific Centre «O.N.
Sokolovsky Institute for Soil Science and Agro-
chemistry Research (T.M. Laktionova, etc.,
2012). From a database the indices of physical
clay and humus contents (base parameters) and
the contents of agronomical useful fraction of
structure in the size of 10-0,25 mm, its water-
stability, bulk of density, humidity steady wilting
of plants, the least moisture capacity and a range

of an active moisture (functional parameters)
arable layer of soil have been taken. All initial
information on base and functional parameters
has been systematized depending on the humus
contents and concerning the basic classes of
texture (tab. 1 and 2). Unfortunately, it was not
possible to use the important factor of formation
of water-physical properties - a saturation colloid
complex by calcium. However, to our opinion,
such loss was not so important, as the majority
of arable soil in the Ukraine (except for soil of
Polesye) are developing on loesses and loesslike
loams and the contents of calcium in them dif-
fers not so considerably. For this reason we con-
sidered minor variability of this parameter in

Table 1
Average values of soil water-physical properties depending on the contents of humus
The humus contents, %
Parameters <15 15-20 | 2,0-25 | 2,5-30 | 3,0-35 | 3,540 | 4045 | 4550 >5,0
X| n X| n X| n X| n X| n X| n X| n X| n X| n

Equilibrium bulk |1,50|317(1,37| 62 |1,35| 65 |1,30| 56 [1,29| 58 |1,24| 49 |1,23| 35 |1,18| 29 |1,06| 88
of density, gr/cm3
Humidity steady | ¢ 5| 1391 96| 54 | 97| 66 | 94| 69 |10,6 48 |10,8| 55 |10.7| 76 |11,3| 61 |12,6/ 164
wilting of the
plants, %
The least moisture|20,1| 80 |23,4| 9 [25,9| 13 [28,6| 11 |25,6] 4 |28,2| 4 |30,6/ 2 [33,6] 1 |29,4] 2
capacity, %
Range of theac- |11,6| 79 (14,2| 9 |17,4| 13 |17,9| 10 |16,4| 4 |155] 4 |20,3| 2 |19,8] 1 [159| 2
tive moisture, %
The (_:ontents of 34,7/ 656 |44,2| 187|46,7| 192 |47,1| 172|50,2| 153|52,2| 170|55,7| 156 | 54,4| 140 |55,6| 329
physical clay
(<0,01mm), %
The contents of
macroaggregates |43,6| 26 [61,8| 11 |57,3| 23 |57,6| 47 |61,1] 55 |56,1| 75 |60,7| 38 |63,2| 15 79,8 39
0, 25-10 mm
(dry sifting), %
The contents} of
waterproof aggre- | 52,3| 29 |46,8| 12 |46,2| 28 |47,0| 55 |42,2| 63 |41,1| 86 |51,4| 56 |60,4| 39 |67,4| 120
gates
> 0,25 mm, %

X — average value of sample, n — number of dates in sample
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Table 2
Average values of soil water-physical properties on classes V) of texture
Classes of soil textures
Parameters 1 2 3 4 5 6 7 8 9

X| n X| n X[ n X| n X| n X| n X|n X[ n X| n
Equilibrium bulk 1 ¢ o | o5 | g7 (147 |17,5] 307|26,0| 483 |39.4| 1172 |52,1| 1268|59,3| 19° |66,8| 921 |83,5| 57
of density, gr/cm 3
Humidity steady
wilting of the ~ |1,67| 27 |1,64|127|1,53| 281 |1,39|343|1,35| 869 |1,34| 809 |1,33|674|1,34|509 |1,32| 40
plants, %
The least moisture | ) 5| 55 | 19| 65 |37 |217|7,0 [232] 9,5 | 680 |11,5| 693 |13.4|583|13,7| 461 |16.4] 35
capacity, %
Range of the ac 1, | 17 111 9| 45 |16,2( 178(21,9| 197 |23.8| 736 |26.1| 626 |26,6|520 |27,1| 433|32,6| 31
tive moisture, %
The contents of
physical clay 98| 11 | 9,8 | 38 |12,9| 164 (15,0/189 |14,8| 578 |14,9| 603 |13,6|502 |13,4|422 15,9 30
(<0,01mm), %
The contents of
macroaggregates | _ | _ | _ | | - | - |s2,3| 53 |59,1| 363 |64,4| 495 |63,6|398 |67,7| 166 |39,4| 8
0, 25-10 mm
(dry sifting), %
The contents} of
‘é‘gfsrpm"faggre' | = | = | -]~ - |45.]52|454| 359 |505| 494 |52,2| 396 |54,9| 164 |46,0| 8
> 0,25 mm, %

8 — middle clay; 9 — heavy clay.

U1 —sandy; 2 — clay-sandy; 3 — loamy sand; 4 — light loamy; 5 — middle loamy; 6 — heavy loamy; 7 — light clay;

soils of the country. However, given remark
does not touch of podsolised soils, process of
podsolisation in which (especially under condi-
tion of an average and strong degree) is accom-
panied by noticiable descending migration of
calcium and deterioration of soil water-physical
properties.

Data have been processed with the pur-
pose to obtain 1 and 2-factorial linear and quad-
ratic pedotrasfer models. Their reliability has
been checked up by means of factor of determi-
nation and other standard estimations. Data pro-
cessing was executed by O. N. Bigun.

Results of researches

Mathematical data processing has allowed
to receive models of a linear and quadratic kind.
More reliable have appeared models for bulk of
density and soil-hydrological constants (humidi-
ty steady wilting of plants — HW and the least
moisture capacity — MC), less reliable (however
authentic, considering mainly significant sizes of
samples) — for other functional parameters. Lin-
ear models were simplier and more clear, but a
little less correct (tab. 3). Pedotransfer models of
a quadratic kind for definition physical and wa-
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ter-physical properties of soil on contents of
humus and physical clay are shown on fig.1.
Pedotrahsfer models can have various ap-
plication. For example, we can use them for
functional parameters forecasting with base pa-
rameters variations. It is known, that approxi-
mately for 50 years the average humus contents
in arable soils of the country has decreased from
3,5 down to 3,1 %, or on 0,008 % in a year
(V. O. Grerov ets., 2011). If the level of land
tenure will be kept at a present level in 50 years
the equilibrium soil bulk of density will increase
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on 0,1 gr/cm® and it will mean falling productivi- estimations of influence of density for a crop —
ty on 6 t/hectares a year (according to normative
Table 3
Pedotransfer model of linear and quadratic kind and their statistical estimations
Factor
Functional parameters of determina- | The standard error Fisher's Criterion
tion
Linear model
o _ , Z =1, 5606-0,0011* x-0,0664*y
Equilibrium bulk of density, gr/cm
0,58 0,14 (2,662)=464,57
Agronomical useful aggregates in Z = 35,8572+0,3937*x+3,4445"y
the size of 0,25-10 mm, % 0,17 18,10 (2,246)=25,024
Waterproof aggregates > 0,25 mm, Z =43,151+0,0262*x+3,4798*y
% 0,15 | 1579 | (ad5)=21437
Z =1,257+0,2362* x-0,0698*y
HW, %
0,65 | 3,41 | (177)=16654
Z =8,1692+0,3347*x+1,1114*y
MC, %
0,78 | 3,89 | (264=111,38
) ) Z =12,5779-0,0054*x+1,5942*y
Range of the active moisture, %
0,43 | 2,58 | (213)=48319

KBaZ[paTI/I‘IGCKaﬂ MOACIb

Z =1, 6929-0,0103* x-0,0645*y+0,0001*x*-

Equilibrium bulk of density, gr/cm® -0,0001*x*y+0,0006*y”
0,63 | 0,13 | (5659)=22362

Z = -0,7335+1,5621*x+9,5318* y-0,0113*x°-
Agronomical useful aggregates in -0,0478*x* y-0,391*y?

1 - 0,
the size of 0,25-10 mm, % 0,20 17.86 (5.243)=12,234

Z=172,8434-0,1096* x-7,1738* y-
Waterproof aggregates > 0,25 mm, 0,0077*x*++0,1619*x*y+0,3427*y?

%
0,22 15,23 (5,242)=13,474

Z =0,0945+0,2192*x+1,2117*y+0,0011*x"-
HW, % -0,0323*x*y+0,0566*y”

0,67 3,35 (5,174)=71,181

Z = 3,8882+0,8719* x-0,2831*y-
-0,0103*x*+0,0724*x* y-0,2917*y?

0,84 3,36 (5,61)=64,669

MC, %

Z = -1,3202+0,9216*x+5,4379* y-0,0126*x*-

Range of the active moisture, % -0,0581*x* y-0,1768*y?
0,64 2,33 | (510)=35269

Note: x — physical clay contents, %; y — humus contents, %.
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b) the contents of macroaggregates of 0,25-10 mm;
d) humidity steady wilting of plants;
g) a range of an active moisture

Fig. 1 —Pedotransfer models of a quadratic kind for definition physical and water-physical properties of soil under
the contents of the humus and physical clay

A. G. Bondarev, etc., 1987), or in total meas-
urement annual loss will make nearby 100 thou-
sand tons of grain (on the area of cultivation of
grain crops nearby 20 million in hectares).

Pedotransfer models are suitable for an es-
timation of soil physical properties for territories
where water-physical properties did not investi-
gate earlier. This question for Polesye where it is
much less than measurements of water-physical
properties, than in Forest-Steppe and Steppe is
especially actual.

Pedotransfer models can be of special im-
portance for irrigated agriculture at definition of
the least moisture capacity - key parameter for
calculation of irrigation norms - instead of bulk
definition of this characteristic by a field method
which are filled in. We shall notice, that this
method is not used for production/manufacture,
and necessary parameters are taken from refer-
ence books/directories. Without special risk to be
mistaken we shall tell, that it is one of the reasons
of overirrigation and, as consequence, the im-
portant development of processes secondary
solontzization and solinization during irrigation.
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Precisely also pedontransfer models are
perspective for definition of other important soil-
hydrological constant - humidity steady wilting
of plants. The direct method of measurement of
this characteristic by means of vegetative minia-
tures is used seldom, and calculation under the
maximal characteristic by its multiplication to
factor 1,34 as has shown A.G.Dojarenko (1963),
is not exact, as disregards very different ability
of cultures to acquire difficultly accessible mois-
ture. For this reason it is possible to approve,
that today actually there are no experimental
data about real quantity of an inaccessible mois-
ture in soils. We can think, that pedotransfer
calculation HW will significantly improve the
current situation.

Pedotransfer estimations of soil water-
physical properties can appear useful at decoding
the remote information, especially considering
that circumstance, that humus and physical clay
are estimated at the analysis of space pictures
already enough reliably. It will allow to specify
significally an available spatial information on a
condition of soil physical properties.
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Table 4

Pedotransfer function

The name of function

Base characteristics

The purpose of modelling

Texture, a parity of granulometric
elements, the humus contents, bulk of

Laws of processes, an estimation of factors

Aggregation - . which render or do not affect process, charac-
density, quantity and structure ex- L
. teristic parameters
change cations
Deaggregation Same + system of agriculture Laws of degradation of structure

Soil-hydrological properties
contents of humus

Texture, a parity of granulometric
elements, structure, bulk of density, the

The estimation of migration of a soil mois-
ture, characteristic parameters

Physical, physical - mechani-
cal and technological proper-

ties pogenous loadings

Texture, structure, humidity, anthro-

The forecast of propensity of soil to defor-
mation, formation of structure at tillage,
strength characteristics, agridemands to de-
signing and operation of machine-tractor
units and soil-cultivating cars

Still an example: for revealing territories
where displays of physical degradation take
place. The reason for last one is more often the
loss of humus and decrease in soil ability to form
agronomical useful structure. Calculation by
means of models can be a simple way of reveal-
ing so-called «hot spots» — places where disper-
sion is more often shown overcompaction, lump-
iness, and, probably, wind erosion.

Prospects of pedotransfer models in moni-
toring are absolutely obvious at etalonization
display parameters of a soil condition depending
on local values of base parameters. Revealings
of a trend of the same display parameters.

Eventually, under condition of the further
regionization checks of reliability of model can
find application in the control of a soil condition
at long-term rent of the lands, specification of
cost of the land area under condition of its sale
and in general for more effective and objective
conducting market transformations.

In tab. 4 we have tried to systematize
available and possible pedotransfer functions.
Naturally greatest attention has been given to
functions which are capable to estimate physical
properties, including physical degradation.

Conclusions

Using the mass experimental material
which is available in a database «Soil properties
of Ukraine», we have developed models, base
parameters in which are the humus contents and

physical clay, and transfering functions are soil-
hydrological constants and structure. Perspective
applied aspects of pedotransfer modelling in the
soil physics are described.
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