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FORECASTING THE LEVELS OF CHEMICAL ELEMENTS CONTENT
IN SOILS OF DIFFERENT GENESIS FOR THE ASSESSMENT
OF THEIR ECO-ENERGY STATUS

Abstract. Grounded the new elaborated method for predicting of trace elements (TE) and
heavy metals (HM) content in the soils of different genesis, which was elaborated by analysis the
indicators parameters of their organic matter and energy characteristics in different natural-climatic
zones of Ukraine, also of contaminated and intensive fertilizer soils. The method aims for the
assessment of soils ecological-energy state due to the installation of the new natural relations of
indicators humus, energy and elemental status of soils of different types, as a result, expanding the
range of diagnostic indicators with identifing their paired combinations and simultaneously increasing
of informativeness, accuracy, express testing of chemical elements (TE, HM) predicting levels,
energy and humus state of soils to predict and ecological regulation of their quality.

The essence of the elaborated utility model — by the identify of new patterns of soil properties
indicators and receive four matching pairs of humus (Cga/Cga, Cioa), clemental and energy state
(calorific value of humus, the reserves of energy in the soil layer of 0-20 cm) as soil indicators with the
using of mathematical-statistical analysis of the obtained regression equations for the accurate
determination is predicted the TE and HM content in soils of different types of background conditions,
with the distribution algorithm of the method for different soil types in certain climate zones in the
conditions of technogenic pollution and technological load, risk and the presence of man-made pollution
to make timely management decisions. Elaborated method ensures the rapidity of the assessment and
improves the accuracy of the TE/HM status prediction, energy and humus state of soils of different
genesis with the identification of soils ecological differences to predict their quality by assessment of
ecological functions for the ranking of energy intensity indicators of the soil.
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The method is applicable in the environmental regulation of TE and HM content, regulation of the
loads (technogenic, technological) on a soil system, agroecology to address issues of biological
agriculture, bio-energy and energy of soil formation; monitoring the quality of humus and the status TE
and the dangers of excess accumulation of HM, in the soil humus indicators and /or energy state;
efficient environmental management of soils, both in background conditions and with different
anthropogenic impacts and in the research practice.

Grounded the method was examined on the of soils simples in different natural-climatic zones of
Ukraine, contaminated soils in Kharkiv, Donetsk and Lugansk regions, and intensive fertilizer (organo-
mineral, organic and mineral system of fertilizers) of soils in Kiev, Kharkiv, Poltava and Lviv region.

Key words: soil, trace elements, heavy metals, energy capacity, the calorific value of humus,
the reserves of energy in the layer 0-20 cm, technogenic pollution, technological load, method,
prediction, matching pair of indicators.
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NMPOrHO3YBAHHSA PIBHIB BMICTY XIMIYHUX ENEMEHTIB Y 'PYHTAX
PIBHOIO reHe3nCyY AnsA OuIiHKU EKOJNIOro-EHEPTETUYHOI O CTATYCY

Anotanisa. OOIpyHTOBaHO CIIOCI0O TPOTHO3yBaHHSA BMicTy MikpoeneMeHTiB (ME) Ta Baxkux
MmetaniB (BM) y rpyHTOBIlf cucTeMi Ha NpHKIag OOCTEKEHHWX IPYHTIB PIi3HOTO I'€HE3WCY NPHPOIHO-
KIIMAaTHYHUX 30H YKpaiHu, 3a0pyaHeHHX IpyHTiB XapkiBcbkoi i JIyraHcekoi oOnmactel ¥ iHTEHCHBHO
ynoOpeHrx (opraHo-MiHepajbHa, OpraHiuyHa i MiHepajbHa CHUCTEMH yNOOpeHHs) IpyHTIB XapKiBCBKOI,
Tonrasebkoi Ta JIbBiBchKOI 0ONIacTeil.

3a paxyHOK BCTaHOBJICHHS HOBMX B3a€MO3B’SI3KiB Ta OTPUMAaHHS YOTHPHOX JiarHOCTHYHHX
KOMOIHALIHUX Nap IOKAa3HUKIB T'yMyCOBOTO, €IEMEHTHOTO Ta €HEPreTUYHOI'O CTaHy (TEIUIOTBOpHA
3[ATHICTh TyMycCy, 3amacd emeprii B mapi 10 20 cM) IPyHTY 3 BHKOPHCTaHHSM MAaTeMaTHKO-
CTaTUCTUYHOTO aHANi3y Ta PErpeciiHuX pIBHAHB MPOTHO3YIOTH piBHI BMicty ME/BM y rpyHTax
PI3HOTO TEHE3UCy. ANTOPUTM CIOco0y MOIIMPEHO Ha IPYHTH PIi3HUX THINB IIEBHOI MPHPOIHO-
KITIMaTUYHOI 30HM 38 YMOB TEXHOT€HHOTO 3a0pYIHCHHS i TEXHOIOTIYHOTO HABAaHTaXKCHHS.

VYcTaHOBIEHHSAM HOBHX 3aKOHOMIPHHX 3B’SI3KiB IOKa3HMKIB 0a30BUX BJIACTHBOCTEH IPYHTIB
3a0€3Meuy€eThCsl PO3IIUPEHHS CHEKTPY IarHOCTHYHHUX ITOKAa3HUKIB 3 OJHOYACHUM IIiIBULICHHIM
iH(pOPMATHBHOCTI, TOYHOCTI, EKCIIPECHOCTI NMpOrHo3yBaHHs piBHIB ymicty ME/BM, orinioBanHs
€KOJIOr0-CHePTeTUYHOr0 CTaHy IPYHTIB Pi3HUX THUIIB 3a (OHOBUX YMOB, BIUIMBY TEXHOJOTIYHOTO
HABaHTAXKCHHS, PU3UKY 1 HAsABHOCTI TEXHOTCHHOrO 3a0pyJHEHHS Ui OLIHIOBaHHA Ta HOPMYBaHHS
SIKOCTI IpyHTiB. CItocid MOke 3HATH 3aCTOCYBaHHS B €KOJIOTIYHOMY HOpMYyBaHHI BMicTy ME/BM Ta
HOPMYBaHHI HaBaHTaXCHb (TEXHOTCHHUX, TEXHOJOTIYHHX) HAa IPYHTOBY CHCTEMY, arpoOCKOJIOTii 3a
BUPIIICHHS NMHUTaHb 0i0JIOTIYHOTO 3eMJIepoOCTBa, OIOEHEPreTHKH Ta CHEPreTHKH IPYyHTOYTBOPECHHS,
MOHITOPHHTY SIKOCTI Tymycy i crarycy ME Tta Hebe3nekn HamIMIIKOBOro HakomudeHHs BM y
IPYHTaxX 3a IOKa3HHUKaMH T'yMYCOBOT'O Ta/ab0 €HEepreTHYHOro CTaHy; e()eKTHBHOIO €KOJOTiYHOTrO
MEHE/DKMEHTY IPYHTIB 33 NPHIHSATTS CBOEYACHUX YIPABIIHCHKMX PIlIeHb Ta OJHOYACHO! MiHimi3awil
BUTPAT pecypciB sk 3a (POHOBHX YMOB, TaKk i 3a Pi3HHUX AHTPONOIEHHHX BIUIMBIB Ta B HAyKOBO-
JOCITiIHIH TPaKTHLI.

Knrouosi cnoea: 1pynm, MikpoenemeHmu, 8ANCKi Memdaau, eHepeOEMHICMb, MeniomeopHa
30amuicmo 2ymycy, 3anacu ewepeii 6 wapi 0o 20 cm, mexnozeHHe 3a0pPYOHEHMS, MEXHOA02IUHe
HABAHMAICEHHS, CROCIO, NPOSHO3YBAHHS, KOMOIHAYIUHI NAPU NOKA3HUKIE.
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NPOrHO3NPOBAHUE YPOBHEW COAEPXAHUA
XUMMNYECKUX NIEMEHTOB B NOYBAX PA3JTUYHOIO rEHE3UCA
AnA OLUEHKK 3KONOro-aHEPFETUYECKOIO CTATYCA

AnHoTanus. OG0CHOBaH croco0 MPOrHO3UPOBAHMS COIEPIKAHMS MUKPOIEMEHTOB (MD) 1 TSDKEIBIX
metawioB (TM) B mouBeHHO# cHCTeMe Ha IprMepe OOCIeIOBAHHBIX ITOYB PA3HOTO T'EHE3Hca NPHPOJHO-
KIMMATHIECKUX 30H YKPaWHBI, 3arpsi3HEHHBIX TT0YB XapbKOBCKOH M JIyranckoif oOmacteii 1 MHTEHCHBHO
YIOOOpeHHBIX (OpraHO-MUHEpaIbHAs, OpraHMdeckass M MUHEpaIbHAas CHCTEMBl yHOOpEeHHs) IOYB
XapbkoBckoid, [Torrackoit u JIbBOBCKOH oOacTeid.

3a CyeT YCTAHOBJIGHMSI HOBBIX B3aUMOCBSI3€il M TOMydYeHUs] YETHIPEX JAMAarHOCTHYECKUX
KOMOMHAIIMOHHBIX Map TMOKa3aTelell TyMyCOBOTO, 3JIE€MEHTHOTO M 3HEPreTUYECKOro COCTOSHHS
(TeTIOTBOpHAs CIIOCOOHOCTH TyMyca, 3amachl SHEPrud B cioe 10 20 CM) MOYBBI C HCIOJIB30BaHUEM
MaTEMaTUKO-CTATUCTUYECKOTO aHAM3a W PErPEeCCHOHHBIX YPAaBHEHWI IPOTHO3HPYIOT —YPOBHH
conepxkanmsi MO/TM B mouBax pasHOro reHe3uca. AJITOPUTM crocodba 3KCTPANOIMUpYIOT Ha ITOYBBI
Pa3IMYHBIX THIIOB OIPEICNICHHOH IPUPOHO-KIMMATHIECKOH 30HBI B YCIIOBHSIX TEXHOTCHHOIO
3arpsI3HEHMS U TEXHOJIOTHYECKOH Harpy3Ku.

YcraHOBNIEHHEM HOBBIX 3aKOHOMEPHBIX CBsI3eil OKasareneil 6a30BbIX CBOMCTB IOYB OOECTICUMBACTCS
PacIIMpEeHHe CIEKTPa AMarHOCTUYECKUX TOKa3aTeeil ¢ OHOBPEMEHHBIM ITOBbIIICHHEM HH(POPMATHBHOCTH,
TOYHOCTH, OKCIPECCHOCTH IPOTHO3MPOBAaHMs ypoBHeW comepxanusi MO/TM, OLEHKH 9KOJIOro-
SHEPreTHYECKOr0 COCTOSHUS TOYB Pa3HBIX THIOB HPU (POHOBBIX YCIOBISIX, BIMSHUS TEXHOIOTHYECKOH
Harpys3Ky, pUcKa M BIMSHUS TEXHOTEHHOTO 3arpsi3HEHMS U1 OLEHKH M HOPMHPOBAHMS KadecTBA IIOYB.
Cnoco®0 MOXET HalWTH TpUMEHEHHE B OKOJOTMYECKOM HOPMHpPOBaHWHM comepkaHust MO/TM wu
HOPMHPOBAHHH HArpy30K (TEXHOT€HHBIX, TEXHOJIOTMYECKIX) Ha TIOYBEHHYIO CUCTEMY, B arpOIKOJIOTHH IS
PEIIEHNsT BOIPOCOB OMOJIOTMYECKOTO 3eMIISHENHs], OMOIHEPIeTHKH W SHEPreTHKH IOYBOOOpPA30BaHMS
MOHMTOpPHHIA KayecTBa TymMyca U craryca MO M omacHOCTH M30BITOYHOro HakorwieHuss TM B 1oduBax 1o
HOKA3aTe/siM  TYMYCOBOTO ~W/WIM  JHEPIeTHYECKOTrO  COCTOSIHUA, 3((EKTUBHOIO  3KOJIOTMYECKOro
MEHE/PKMEHTa TMOYB [UI1 MPUHSTHS CBOEBPEMEHHBIX YMPABIEHYECKMX pEIIeHHH M OJHOBPEMEHHON
MUHHMU3AIUN 33aTpaT PECypcoB Kak B (DOHOBBIX YCIOBMSIX, TAK M B PA3iMUHBIX AHTPOMOI€HHBIX
BO3JIEHCTBHUSX, @ TAKXKE B HAYYHO-HCCIIEI0BATENbCKOM MPAKTUKE.

Kniouesvie cnoea: nousa, MuKpodnemMenmel, msAdNiCeable MEmaiibl, IHEP2OeMKOCMDb,
MenIomeopHas CHOCOOHOCMb 2ymyca, 3anacvl dHepeuu 6 cioe nouevl 0—-20 cm, mexuozennoe
3aepA3HeHue, MeXHON02UYeCKas HaAzpy3Kd, CHOcob, NpocHO3UpOsaHue, KOMOUHAYUOHHbIE NaApbl
nokazamerneu.

INTRODUCTION

Prediction of the quality of different genesis soils is complex and multi-stage task in
solving on background conditions and anthropogenic (technogenical, technological)
impacts on soils (Medvedev, Plisko, 2003; Medvedev, 2012). For prediction the
environmental impact of loads on soils patterns of pollutants migration and transformation
in the separate links of trophic chains and patterns of soils ecological status (quality)
changed under the influence of anthropogenic loads are to be used (19 th World Congress
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of Soil Science, 2010; Glazovskaya, 1997; Izrael, 2001; Kovda, 1973; Kovda, 1974; Lal,
2007; Lobell, Burke, Tebaldi, 2008). Models provide to get predictive estimates of changes
in the elemental status of the soil-plant system, other links of trophic chains, about
degradation of different genesis soils with the account of transport processes, the
translocation of pollutants and their accumulation; concerning physical, chemical and
biological transformation and decontamination; as to changes of properties and functions of
soil that are the basis for the environmental regulation and assessment of their quality due
to the background conditions and the impact of technological loads, industrial pollution
(Glazovskaya, 1997; Lal, 2007; Lobell, 2008; Revich, 2007; Samokhvalova, Fateev, 2006;
Pat. Ukrajiny na vynaxid Ne 83563 UA, 2008).

The application of eco-energy indices of different genesis soils, as integral
characteristics of changes their properties, is an important component of predicting changes
in their functions (Kovda, 1973; Kovda, 1974; Volobuev, 1974, 1982, 1983; A.c. 1481681
A1l SU, 1989). However, the forecasting is constrained by the fact that it is difficult to
consider probabilistic component, which is detected by investigation of the ecological state
of soil, effects and precise patterns of developing soil processes, random component of soil
processes that are virtually impossible to predict and is an extremely difficult
methodological issue. Therefore, the specificity of the ecological state prediction of the soil
affects a significant decline in the quality of forecasts.

The elaboration of methodological approaches for predicting of the different genesis
soils element status by using of their eco-energy state indicators and implementation is an
urgent problem that requires further improvement of prediction existing methods, for
clarification forecasts and forecast models.

Relevant for prediction of soil quality is the investigating for new diagnostic criteria
for assessment using indicators of trace element status, humus (C g, %; ratio of
C humic acids / C fulvic acigs) and energy state (generalizing characteristics of the intensity of
energy content in organic matter of the soils — specific internal energy of humus or calorific
value, the total energy reserves in the layer of 0-20 cm). Simultaneously actualized the
necessity for selective choice of the most suitable diagnostic and correlation of related pairs
of soil properties suitable indicators the using of which is based on the possibility to
accurately express and forecasting environmental and energy status of different genesis
soils and their quality taking into account the elemental composition.

The feasibility of using a set of soils ecological and energy status indicators for
predicting elemental status due to their high information content and the predictability of
the results due to their close connection and the possibility of combining various indicators
of the soils biological processes intensity (microbiological and biochemical activity,
decomposition and synthesis of organic compounds etc.) into generalized terms of its
energy state and for correctly determine the direction of the substances and energy
transformations in the soils.

The complex of soils humus and energy condition indicators allows justify effective
using of management techniques of the soil quality control for quantitative evaluation of
soil processes due to the background conditions, technological loads and technogenic
pollution. In addition, soil organic matter is an accumulator and distributor of solar energy.
Therefore, the using of soil energy intensity indicator can be used as generalized criterion
of its functioning, to reflect the productivity of the soil, the intensity of the processes of
humification-mineralization, to serve as an indicator of soil system stability. Thus, in the
case of dynamic equilibrium (equivalency of the receipt and consumption energy process of
soil organic matter) the entropy is close to the minimum indicating the lack of energy
storage in soils humus.The stability of the humification-mineralization processes in a soil
system determines the soil ability to recover energy resources due to the accumulation and
distribution of energy generated by photosynthesis (Kovda, 1974; Volobuev, 1974, 1982,
1983; Volodin, Phedorchenko, Birukova, 1989). Rational use of the soil energy is the
conservation and restoration of its basic fertility and, consequently, soil system eco-energy
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state. Therefore, using of soil humus indicators and/or energy state allows more complete
account of soils properties and functions, and thus of soil resources; reducing the cost of
anthropogenic energy and elimination of negative impacts on soil environmental and
energy state by using of less energy-intensive measures to restore the soil functions for the
existence of degradation processes. All of the above actualizes the necessity to predict of
soils quality, determination the new criteria and indicators for assessing their quality based
on its trace element status, humus and energy state, including the technological lods, risk
and availability of technogenic pollution.

The purpose of the investigation — to elaborate a method for predicting levels of
chemical elements content in soils of different genesis for the assessment of their
ecological-energy state due to the installation of the new natural relations of indicators of
humus, energy and elemental status of soils of different types, as a result, expanding the
range of diagnostic indicators with identifing their paired combinations and simultaneously
increasing of informativeness, accuracy, quick testing of chemical elements predicting
levels, energy and humus state of soils to predict and ecological regulation of their quality.

MATERIALS AND METHODS

The elaborations of a method include:

1. Conducting of patent researches due to the DSTU 3575 and DSTU 3576. Objects —
the copyrights that are patented in Ukraine and the CIS countries in the plane of the goal.
Subject of researches — the method in general; separate operations (stages) of the method
that are patentability; methods for their preparation and scope of application; the equipment
used in carrying out the process; methodological approaches to predicting of the different
types of soils element status, including the influence of technogenic HM pollution and
technological loads; methods of humus and energy status of the soil predicting by using the
methods of mathematical modeling, including models of transport and transformation of
pollutants (geographic model) and the models of soils state changes by the impact of soil
contamination (environmental models); methods of extrapolation and expert estimates.
Research methods — methods of theoretical analysis, systematic approach.

2. Field stage — soil — geochemical investigations, including, in conditions of
technological loading on the soils of Kyiv, Kharkiv, Poltava and Lviv regions and in
conditions of constant impact of inorganic nature pollutions of atmotehnogenic emission
sources in Kharkiv region and of industrial facilities in Donetsk and Luhansk regions;
carrying out a series of stationary microfield experiments. Objects of research — the soils of
Forest-Steppe and Steppe natural-climatic zones of Ukraine for the effects of HM pollution
and concealed in its absence. Research methods — universal general scientific methods,
ecosystem and landscape-geochemical approaches.

The investigations of natural connections of indicators of trace elements, energy and
humus status of different genesis soils and therefore indices of soil properties were carried
out with sampling of arable (0-20 cm) layer. Soil-geochemical researches of HM pollution
impact on soils performed due to the conditions of constant and periodic exposure of
polyelemental pollution sources Zmiev TPP PJSC "Centrenergo" NJSC "Energy Company
of Ukraine» in Kharkiv region, OJSC "Ukrtsynk" and OJSC "Avdeevka Coke Plant" in
Donetsk region; industrial facilities in Lugansk and Bilokurakynsky, Perevalsky,
Slavyanoserbsky, Trojtsky district of Lugansk region. Also, to confirm idea for the new
technical elaboration were used HM data content in the soils from the Ecological Atlas of
Kharkiv (2005), Donetsk (2007) and Lugansk (2004) regions.

Field researches on technological loads carried out in conditions of stationary
experiences of the Soil Science, Agriculture and Agrochemistry Department of Lviv
National Agrarian University, Western Forest-steppe of Ukraine. Explored the effectiveness
of organo-mineral, organic and mineral fertilizing systems installed in established effective
ratio amount combinations of soils improvers for the HM mobile forms immobilization and
the activation of TE in soil with sampling of soil samples and establishing patterns change
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their content and dynamics of humus status and transformation of organic matter in the
dark-grey soil (Greyic Phaeozems Albic, WRB 2006) of a field crop rotation.

The energy intensity of different granulometric composition chernozem soils due to
the influence of the fertilizers systems are determined in long term field experiences in
Kyiv (Myronivska ES), Kharkiv (EF Grakovo), Poltava (Poltavska ES) and Lugansk
(Lugansk ES) regions. Used mineral, organic and organo-mineral system of fertilizers was
balanced by the introduction of the basic nutrients of supply. The application of organic and
mineral fertilizers optimal doses was carried out for the using of current guidelines
(Vlasiuk, Dmytrenko, 1962) according to the soils type and climatic conditions of a
particular zone (The Handbook: Fertilizers and their using, 2010).

3. Analytical stage — in samples of different types of soils (sod-podzolics (Umbric
Albeluvisols Abruptic, WRB 2006), light-gray (Greyic Phacozems Albic), gray (Greyic
Phaeozems Albic), dark-gray (Greyic Phaeozems Albic), chernozems podzolized (Luvic
Phaeozems Albic), chernozems typical (Voronic Chernozems pachic), chernozems ordinary
(Voronic Chernozems Pachic) and chernozems southern (Haplic Chernozems Pachic),
chestnut (Haplic Kastanozems Chromic), dark-chestnuts (Haplic Kastanozems Chromic)
soils, etc.) for laboratory analysis according to the applicable regulatory documents and
methodological base were identified: a) the content of mobile forms of HM and TE (using
extractant-ammonium acetate buffer, pH 4.8 and 1N HCI according to the DSTU 4770.1 —
DSTU 4770.9: 2009 and MVV 31-497058-016-2003); b) the total content of organic matter —
by Tyurin method (DSTU 4289:2004); c) the group composition (modified method by
N. M. Kononova and N. P. Belchykova according to DSTU 7855:2015) and the fractional
composition of soil humus (modified method by V. V. Ponomareva and T. A. Plotnikova
according to DSTU 7828:2015); d) committed preparative allocation of soil humus
substances (DSTU 7606:2014); e) the specific energy of the soil and of the humic acids
preparations — using a calorimetric installation B — MA 08 [TV 1.470.000 in terms of the
specific heat of combustion of soil samples according to DSTU 7866:2015; f) the density of
the soil structure on background conditions, the impact of technogenic pollution and
technological load according to DSTU ISO 11272-2001.

4. Cameral stage — evaluation of soils trace elements status due to the expert
assessment normative-reference documents, the calculation of the total energy reserves of
humus in the soil, statistical data processing of the obtained data of humus, energy state of
soil including the influence of technological loads, industrial pollution with the construction
of mathematical models.

The calculation of the total energy reserves that accumulated by soil humus, as
indicator of the energy status of soil, carried out by the known formula D. S. Orlova —
L. A. Grishinoj (Orlov, Birjukova, Rozanova, 2004; Orlov, Grishina, 1981) in modification
by O. L. Orlov (Orlov, 2002) taking into account the quality of the humus and heat capacity
of its main fractions:

Q =(19,96 *Cg aeigs + 9.16 + 17.86 *Cr yigs *G) * H * d * 10/100, @)

where Q — energy reserves accumulated by soil humus, 10° kJ / ha (or 10° MJ / ha);

19.96 — calorific value of humic acids, kJ / g; 9.16 — calorific value of fulvic acids, kJ / g;

17.86 — humic calorific value, kJ / g; Cg aigs — humic acid content, %; Cg 4.5 — fulvic acid

content, %; G — humin content, %; H — soil layer, m; d — density of soil structure, g/cm3 ;

10 — conversion factor of 10° kJ / ha; 100 — transfer units measurements of G .45, F acids
and G to percentage.

Environmental assessment of soil on TE status and contents of the HM was performed
according to the applicable regulations and methodological basis using the established
background levels of TE /HM for soils in specific climatic zones of Ukraine (Fateev,
Samokhvalova, 2012). Also, to confirm the idea for the elaboration of new method were
used digital materials of scientific reports of the laboratory of soil protection from
technogenic pollution NSC "Institute for Soil Science and Agrochemistry Research named
after O. N. Sokolovsky" on implementation of research works for 2001-2005, 20062010
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relative to the element status of soils for the background soil conditions, the impact of
technogenic HM pollution for their further generalization.

The analytical numerical data of the energy accumulative function of the soil humic
substances — indicators of specific internal energy or calorific value of humus; the reserves
of energy accumulated by soil humus, the microelement status and humic condition were
statistically processed using the modules of correlation, variance, regression and factor
analysis within Statistica 10.0, including calculations on the equations of linear,
exponential and logarithmic regression.

RESULTS AND DISCUSSION

The generalization of the the soil-geochemical investigations results and analysis of
the obtained data of TE /HM content in soils of different genesis in natural climatic zones
of Ukraine (Samokhvalova, Fateev, Luchnykova, 2011) and determination of the humus
group composition and total content of soils organic matter established (Samokhvalova,
Lopushnjak, Fateev et al., 2014; Samokhvalova, Lopushnjak, Fateev et al., 2016) the close
connection of the TE soils status and mobility of HM and TE content and total content of
humus, group and fractional composition of organic matter, the level of hydrolytic acidity
and content of physical clay in soils of a particular type. Established that the balance
between the processes of mineralization and synthesis of organic compounds determined by
sustainability of humic acids, stability over time of the C yumic acigs / C fulvic acidgs ratio (Pat. na
korysnu model 95649 UA, 2014; Pat. na korysnu model 105444 UA, 2016; Samokhvalova,
Lopushnyak, Fateev et al., 2015), the energy intensity of the soil (Pat. na korysnu model
107854 UA, 2016; Samokhvalova, Skrylnyk et al., 2015).

For polluted by HM chernozem soils it was determined an increase of soil organic
matter mineralization intensity (Samokhvalova, Fateev, 2006). It was established the
relationships mobility majority of TE / HM in soils of different genesis to fulvic acids
contents without and due to the influence of HM as soils contaminats.

As a results of investigations conventional energy intensity of chernozem odinary
(voronic chernozem, WRB 2006) were established that humus energy intensity in soil layer
0-10 cm is an average of 0,024 MJ / 1 g of humus, of the zonal soil — 0,021 MJ / 1 g of
humus (agrocenosis) and 0,026 MJ / 1 g humus (virgin steppe). In the 10-20 cm layer of
technogenic chernozem odinary on loess loam determined the reducing of energy intensity
in 2,5-14 times according to the level of 0,0097-0,0017 MJ / 1 g of humus. Also
established a direct dependence of the specific heat of combustion and the content of
organic matter in technogenic soils (Zholudeva, Kovalev, Yehorenkova, 2010).

Using the index of soil total humus content (C (1, %) for predicting is limited.
Becides the error in determining of its contents in soil (15-20 %), carbon content is
characterized by spatial and temporal (1-3 years) with a range of volatility fluctuations
+ 0.2-0.5 % abs. due to impact on its numerical value of content in soil of weather
conditions, the amount of plant residues in the soil and etc. (Smirnov, Muravin, 1981).

Since the quality composition of the humus in the soil is different, energetic
properties have separate soil phases, including mineral matter, soil microorganisms,
chemical endo- and exogenous reactions of the soil, and the main part of the internal energy
is the energy of the crystal lattice of minerals, therefore the application of energy principle
is based on the understanding the necessity of taking into account all the "carriers" of soil
energy (energy potential), the energy intensity of plants for the management of substance
and energy transformations in the soil-plant system, thus rationing element status and
control its quality. However, with substantial expenditure of resources for obtaining
experimental data, and as a consequence, their failure prevents determining soils energy
potential. Nevertheless, by the results of our researches (Lopushniak, 2012, 2013, 2014,
2015; Shedey, Shevchenko, 2006; Shedey, 2010; Skrylnyk, 2008, 2010; Zholudeva,
Kovalev, Yehorenkova, 2010) it was established that determinations of soil energy intensity
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(calorific value of humus in the soil and the total energy stored in the 0-20 cm layer) are
sufficient to assess changes in ecological and energetic status of different soil types due to
the various systems of fertilization, controlled impacts on soil processes of mineralization-
humification, reducing the free energy. Using indicators of ecological and energy state of a
particular type of soil it is possible to effectively predict, assessment and regulate soils
quality for their effective using and management.

On the basis of generalization of the obtained data of the soils elemental status of
different natural climatic zones of Ukraine it was established that the effectiveness of
predicting soil quality in terms of their ecological and energy status raises it for further use
diagnostically suitable combinations of parameters energy and humus state of soils and the
algorithm for their selective using, which is offered in methodical approach, ensures the
technical result — increasing accuracy and predictability of the soil quality status; the express
prediction of the soil element status for evaluation of environmental and energy state of soils
of different types, including the impact of technological loads and technogenic pollution.

Analysis of the existing patent documentation indicates that close to the technical
nature of the elaborated method is a known method of forecasting levels of Cu and Zn
mobile forms in soil under anthropogenic load (Pat. na korysnu model 58720 UA, 2011),
which involves calculation of the nitrogen and phosphorus ratio with the definition of the
predicted content of metals mobile forms in the soil by regression equations.

The established disadvantages of this method are: a) decrease the functionality of its
implementation and, accordingly, efficiency while reducing the predictive value of received
data of the TE /HM content in different soil types due to the limited its application only on
irrigated dark-chestnut soil and the impossibility of predicting the content of other elements
in the soil, except for Zn and Cu; b) increased the risk of negative impact on the quality of
organic matter of the soil, primarily podzolic line by increasing the mobility of organic
compounds, their mineralization and degradation, simplification of the soils structure;
¢) increased mobility of metal pollutants in soil and their migration into the adjacent
environment by the systematic application of physiologically acid fertilizers.

Another known method of the soil production functions express predicts on the
determination of the soil energy potential and plant biomass by calorimetry (A.c. 1481681
A1 SU, 1989). The method involves the calculation by the formula the rate of soil fertility
reproduction (y) taking into account the energy potential of the soil covered with plants and
without them, the period of plant vegetation. The value of this index predict enhanced
(y >1), simple (y =1) the restoration of soil fertility or degradation (y <1). The main
disadvantages of this method are: a) determining of accumulation intensity and energy
consumption is needed for different periods of time in soils and growing different types of
plants, which significantly increases the complexity and amount of time for the method
implementation; b) according to the method of prediction expanded reproduction of soil
fertility is possible due to the condition of availability in the soil total biomass of plants that
is almost impossible and requires consideration of its exclusion, which also increases
resource costs of method; c) the method allows the prediction of fertility only for soils, the
increase of the energy potential for the vegetation period will not be less than 1 % of the
initial value, which reduces the possibility of its application.

Closest to the implementation mechanism and achieved results is a method of
predicting the soil TE availability by mathematical models (Pat. na korysnu model 89939
UA, 2014) with determining the carbon content of humic (Cg 4.4s) and fulvic acids (Cr yeigs)
and the ratio of Cg ueigs / CF acigs and the using of statistical and mathematical analysis to
obtain the regression equations and, based thereon, determining the predicted content of
TE / HM in the soil.

The disadvantages of the proposed method are: a) the limited using of the
Cg acids / CF acigs index for determining the predicted content of TE / HM mobile forms, as in
the evaluation of the TE sufficiency of soils and the dangers of HM excessive accumulation
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in soils for technogenic and technological loads (Samokhvalova et al., 2015) due to the
impact on the Cg ueigs / Cr acigs ratio uncontrolled content of TE / HM mobile forms in soils
of different buffer properties (as the result of high natural spatial variability, which
significantly increase in conditions of HM contamination, the application of organic and
mineral fertilizers and different soils acidity, depending on the direction and development
of soil-forming processes in individual differences and the types of soils and their
granulometric composition); b) increase of HM mobility and soil organic matter content
while the simultaneous imbalance of the humic and fulvic acids content, the decrease in the
TE mobility by technogenic pollution of the soil, makes it impossible to correct using of the
Cg acids / Cr acigs ratio for solving the problem forecast of the HM and the TE content in the
soils; ¢) the limited using of humus group composition to predict changes in its quality for
intensive using of soils and, due to possible instability in time of the Cg cigs / Cr acigs ratio
(Orlov et al.,1999, 2002, 2004); d) insufficient of the Cg cias / Cr acigs Tatio measure as a
diagnostic and estimate due to varying intensity of humic acids and fulvic acids of soil
organic matter as in background conditions (Tarariko, Nesmashna, 2000; Tarariko,
Nesmashna, Lychuk, 2007) and the conditions of the technological load (Lopushniak, 2012,
2013, 2014, 2015; Shedey, Shevchenko, 2006; Shedey, 2010; Skrylnyk, 2008, 2010); ¢) the
accuracy decrease in estimating of forecasts TE / HM content in the soil-plant system for
using only Cg acigs / Cr acigs ratio (Samokhvalova, Lopushnjak, Fateev, 2014, 2015, 2016;
Samokhvalova, Skrylnyk, Shedey, 2015, 2016). Thus, all the above mentioned to decrease
in the predictive values of data of the TE / HM content in soils of different genesis and a
simultaneous increase of the complexity and methods implementation resource costs,
requires the elaboration of a method that will overcome the identified deficiencies.

As a result of the investigation of new diagnostic criteria for estimating of the soil
quality we implemented the selection of the most diagnostically related and suitable soils
properties, which proposed for combinational using for solving the problem of forecasting.
Attracted combinations pair parameters of eclemental status, humus (C o, %;
Cq acias / Cr acigs ratio) and energy state (generalizing characteristics of the soil organic
matter energy capacity intensity — specific internal energy of humus or its calorific value;
the total energy reserves in the 0-20 cm layer). On the basis of their using is possible
express accurately predict of the eco-energy state of different genesis soils and their quality,
taking into account the elemental composition.

The algorithm of the elaborated methodological approach includes:

1. Sampling of soils (0—20 cm layer) of different types (sody-podzolic, light gray,
gray, dark gray, etc.) and their chemical analytical analysis according to the standards and
methodical base, framework guides of soils properties in Ukraine with determination of the
soil parameters of elemental, humus and energy state indexes due to the background
conditions, technological load and technogenic HM pollution: a) actual content of
TE / HM; b) the total organic matter content; ¢) humus fractionally-group composition;
d) preparative selection of soil humus substances and determination of the soil specific
energy content and preparations of humic acids — on indicators of humus specific calorific
value of soil samples; e) determining the soil humus total energy reserves in the layer of
0-20 cm, as an indicator of its energy state according to the well-known Eq. 1. The
obtained results and reference data for soil of a certain type properties indicators bring to
Table 1 and used as base for further calculations.

2. The investigations of natural connections of microelements, humus (C 1, %; ratio
of  Cg acigs / Cr acigs) and energy state (soil organic matter energy capacity intensity —
specific internal energy of humus or its calorific value; the total energy reserves in the soil
layer of 0—20 cm) of different genesis soils on statistical data processing within Statistica 10.0
package; used modules of correlation, variance, regression analysis; including calculations
by the equations of linear, step and logarithmic regression.
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Table 1

The parameters of humus, soil density, zinc content and energy intensity changing
for the background soil conditions and the impact of technogenic and technological loads

Energy intensity
of the soil
. . C . Actual The Q, Total CG/
: otaly CGacidss 0 , content  calorific energy acids
Type of soil % % acoﬁs’ G, % glem®  ofZn,  valueof reservesinthe Cr
(V] . .
mg/kg soil soil layer of  acids
humus, 0-20 cm,
Ml/kg 10°MJ/ha
1. In the absence of loads (background conditions)
Sod-podzolic 0,9 0,17 0,2 0,53 1,5 1,69 0,106 0,44 0,85
Gray podzolic 2 027 03 063 1,5 1,92 0,188 0,58 0,90
Dark-gray 3,1 1,1 054 146 13 1,06 0,840 1,40 2,04
Chernozem 244 10 031 1,13 12 2,1 0,820 1,03 32
podzolized
Chernozem 39 125 07 195 L1 015 0900 1,46 1,79
ordinary
Chemozem 48 175 06 245 12 175 1,200 2,02 2,92
typical
Chernozem 22055 042 123 12 1,02 0600 0,809 13
southern
2. Due to the the technogenic load (HM pollution)
Chernozem
ordinary 2,08 038 05 1,2 1,22 54,3 0,790 0,81 0,76
contaminated
Chernozem
podzolized 9 02 04 13 121 685 0,650 0,74 0,5
contaminated
Sod-podzolic 5 o1 05 049 152 835 0,090 037 0.5
contaminated
3. Due to the the technological load (application of different fertilizer systems)
Chernozem
podzolized 2,44 1,0 0,31 1,13 1,2 1,5 0,99 1,02 3,2
(control)
Chermozem
podzolized
(mineral 238 093 029 1,16 1.2 2,0 0,80 1,00 3,21
fertilizer
system)
Chernozem
podzolized
(organic- 246 099 030 117 12 09 0,98 1,04 33
inorgenic
fertilizer
system)
Chernozem
podzolized
(organic 245 094 034 1,17 1,2 3,0 0,93 1,03 2,76
fertilizer
system)

3. Prediction of the TE / HM content in the soil, for example due to background
conditions, by the equations of installed dependencies (mathematical models) after determining
by the correlation analysis of matching pairs appropriate indicators of soil properties, for
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example, predicted concentrations of zinc (Cgz,) in the soils of the podzolic series (sod-podzolic,
light-gray, gray podzolic and dark-gray) are calculated from equations 2—5:

Cz=292+372x-1,59y 2)
Cz =2,63-895z+355y 3)
Cz,=2,10—1,332+0,42] @)
Czm=143-237x+0,81]j 5)
and chernozems series (chernozem typical, ordinary and southern) soils from equations 6-9:
Cz,=023+2,65x-0,33 y (6)
Czm=243+946z-4,12y @)
Cz=-0,07-0,572+0,90] ®)
Cz=2,05-439x+1,19] )

where Cz, — predicted (calculated) zinc content in soil, mg/kg; x — calorific value of
soil humus, MJ/kg; z — Q, the energy reserves in the soil layer of 0-20 cm, 10°KJ/ha (or 10°
MJ/ha); y — total content of humus, %; j — Cg acigs/CF acigs ratio.

With further spread of the algorithm of the method for soils of other specific types
certain climatic zones in the conditions of technogenic pollution and technological loads;
the visualization of the established dependences of soil properties indicators on the
diagrams (Fig. 1, 2, 3) and in the format relevant equations and spreadsheets of the obtained
data (Table 1-2). For example, set the levels of Zn content in soils of different genesis on
the basis of existing linear dependences with indicators of C , and calorific value of
humus in the soil of a particular type (background conditions) on the relevant equations 2
and 6, characterized by the following equations for the soils of podzolic series (sod-
podzolic, light-gray, gray podzolic and dark-gray, equation 2):

Cz=292+372x-159y

C Zn sod-podzolic soils — 2,92 + 3372 * 0,106 - 1’59 * 0,9 = 1:8’ C Zn actual :1:7

C Zn dark-gray soils — 2992 + 3572 * 0:840 - 1,59 * 351 = 1,1, C Zn actual :1,06

and chernozems series soils (chernozems typical, podzolized and southern) by the formula 6:

Cz=0,23+2,65x-0,33 y

C Zn chernozems podzolized — 0923 + 2365 * 0,820 - 0933 *2,44 = 1959 C Zn actual — 195

C Zn chernozems southern — 0723 + 2765 * 056 - 0333 *272 = 1509) C Zn actual = 1,02

C Zn chernozems typical — 0:23 + 2765 * 132 - 0733 *4,8 = 198’ C Zn actual = 1975

where Cy, — predicted (calculated) content of zinc in the soil, mg/kg; x — calorific
value of soil humus, MJ/kg; y — total content of soil humus, %.

Q =0,124+1,457*x+0,054"v

=16
<16
=14
<12
<1
C1=0.28
C1=<05
B < 0.4
Bl =02

e TRV D

Fig. 1. The visualized model of established relationships between energy and Zn content in soil
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Fig. 2. The visualized model of established relationships between Zn content in soil,
energy and soil humus indices
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Fig. 3. The visualized model of established relationships between Zn content in soil,
energy and soil humus indices

Using these formulas on other types of soils, including the influence of technological
load and technogenic pollution, has confirmed the universality of the resulting equations.
The resulting formulas of calculations of the chemical elements forecast values are
universal for different soil types, which are combined in a series on the basis of the
predominance of the soil prosses, such as podzolic or chernozems soil series.

Determination of the TE/HM forecasted content, for example, Zn in the soils was
estimated based on the using only Cg 4cigs / Cr acigs ratio, according to the prescribed us a
formula for soils, for example, podzolic series Cz, = 1,59 + 0,14 Cg scigs / Cr acigs gave the
following values, which when compared with the actual values have a large error:

7N gark-grey soil = 1,59 +0,058 * 2,04 = 1,71; Zn a1 = 1,06
Zn gray podzolic soil — 1959 + 03058 * 039 = 19643 Zn actual — 1392
where Cz, — predicted (calculated) zinc content in the soil, mg/kg.
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According to the laws of mathematics and the rules of regression analysis, which is
automatically obtained regression equations with given the measurements, in particular
mg/kg (with specified initial values MJ/ha, MJ/kg and %) but follow the procedure of
standardization of variables.

In manual mode this requires the introduction of an additional unit of the multiplier
factor of the intensity of energy processes in the soil (F/= Cy, /x), and factor of energy
saturation in the analyzed soil layer (F2= Cz, /z) using their physical units. In addition, free
terms of the equations according to the rules of regression analysis also have the same units
of measurement as the indicator that determines. Regression equations, in particular
equations 1-4, take the format of:

1. Czn:2,92+3,72*X*F1—1,59*Y/IOO

Crn B8 =297 1 +372“’” WFi 1,59 28 L%/ 100

As the result of substltutlon of all the necessary rules on these umts get unit
m; M| m mg _m
Can= k—f + 115] mig kf kf
Where F; is the correction factor (the factor intensity of soil energy processes).
Factor intensity is defined as follows:
_ Cx _mg M]_m
Fi= = k: / lia] i
The numerical F; values are unknown yet and require more in-depth detailed
investigations. Probably that it is some constant values for each type and subtype of soils.
100 — conversion percentage.
Similarly, the action of receiving Cz, units are to be performed in the following
regression equations.
2. Cz=2,63-895+z+F,+3,55:y/100

mg _ mg M mg
Crn gz =263 7 — 8,95 lT_l Fy+3,55 2 % /100

Con= 'f:* MIJ /10 kg*mg 107 ’:: ’:‘f

The mass (m) of 1 ha soil and soil layer of 1 m = pv = psh

m=g/em’ «10* »m*.m=kg * 10*m*/ 1-10°m’ = 10" kg

Where F, is the correction factor (factor of energy saturation in the analyzed soil layer),

m 7

m—? * 10

The numerical F, values are unknown yet and require more in-depth detailed
investigations. Probably that it is some constant values for each type and subtype of soils.

100 — conversion percentage.

The factor of energy saturation is defined as follows:

Fy= 0= I8 07 kg /My =108 1

3. Czu=2,10-1,33 «z+«F,+0,42 «j

Conl "‘3 =2.10 "‘5’ ~1,33 « ?ﬂF2+0,42%

Cz= ’;ﬂf MI/107 kg T 107+ L& 8

ke kg_
Where F'; is the correction factor (factor of energy saturation in the analyzed soil layer),
I8 L0’
M

100 — conversion percentage.
The factor of energy saturation is defined as follows:
CZn

_ & mg 7 _ mg 7
Fr=", =38 107kg/MI=F 10
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4. Czn:1,43—2,37*x *F1 +0’81*j

mg _ mg M1 mg
Cz = 1,43 = 2,37 ks *Fl +0,81 =

_mg M mg ,6 mg_mg
o "W R Re

Where F is the correction factor (the factor intensity of soil energy processes), =&

> MIC

Similarly, the actions of receiving Cyz, units are to be performed in the 5-8 following
regression equations.

Spreading the algorithm method for other soil types, as well conduct further
calculations to obtain relevant equations of dependencies (patterns), which determine the
predicted value of the TE /HM content in soils of different genesis. Thus, on the basis of
established regular linear relations, we have proved the conformity of the level of energy
intensity of soil humus status, levels of TE / HM, and hence the feasibility of their using
due to the background conditions and influence of technological and technogenic loads
(Table 1-3).

During the calculation of the trace element soil status were taken into account the
following diagnostic combination of quantitative indicators of energy soil formation and
functional-environmental diagnosis of the soil genetic status — C (4 and Cg aeigs / Cr acidgs; C total
and calorific value of soil humus; C (o and Q; Cg acigs / Cr acigs and Q; Cg acigs / CF acigs and
the calorific value of soil humus. The obtained results listed in the table (Table 2-3,
fragment). Thus, the design content, such as, Zn in soils podzolic series by using of
matching pairs C o, and calorific value of soil humus varies from 1,0 to 1,8 mg/kg due to
the background conditions for 1,25 mg/kg of soil due to technological loads. The content of
Zn in chernozems soils due to background conditions was 1,75 mg/kg; due to the HM
technogenic pollution — 55,4 mg/kg of soil (Table 2-3).

Using each selectively chosen pair of diagnostic indicators of soils environmental and
energy status confirmed the possibility of obtaining accurate forecast data of elements soils
status (the lack of ME, the excess of HM). At the same time provides the ability to predict
soils energy and humus status by solving the inverse problem of calculating the quantitative
parameters of one indicator on the basised on the correlation related to other known
(Fig. 1, 2, 3). For example, the calorific value of humus and /or energy reserves of the soil
particular type on the basis of the known index of the TE / HM content and /or soil organic
matter energy intensity for effective environmental regulation and management of soil
quality. Diagnostic efficiency of indicating the direction of the humification-mineralization
processes in soil systems by humus and energy status indices confirmed by appropriate
mathematical models (equations) (Fig. 1, 2, 3).

The selective choice of the proposed diagnostic complex combinations of humus and
energy state indicators, only those that are available, can reduce the cost of resources for the
prediction of the elemental status of soil, environmental and energy state and ration of their
quality. This gives the opportunity to control soil quality and productivity due to the impact
on the processes of mineralization-humification, elemental status and reserves of soil
organic matter that determine the quality of their humus status and dynamic equilibrium,
and, accordingly, the soils ability of different genesis to restore energy resources due to the
accumulation, energy distribution and maintaining a certain level of intensity.

The gradation of soil quality carried out by the classification method of grouping data
on the basis of soil energy intensity by qualitatively comparable classes with equal intervals
and a preliminary definition of the amount (N) and taking into account the volume sample
data (V) according to the well known equation:

N=2InV (10)

The value of the interval (A), as a sign of the classification determined by dividing the
magnitude of variation in number of intervals for the well-known formula:

A = (Xmax - Xmin) /N (11)
where Xmax and Xmin — maximum and minimum values of the trait classification.
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In our case N =2 In 8 =4,1; A = 0,913 - 0,106/4 = 0,20. Given the magnitude of
variation of the interval range values allocated to a comparison classes (Table 4). Thus, the
Ist class of quality combines soils with higher energy reserves and are more resistant to
external influences and characterized by higher productivity; 4th class quality combines
soils with minimal energy intensity.

The method allows according to the level of the soils energy state normalized their
quality, as well as to adjust the content of the TE/HM, conducting the control measures of
the soil organic matter reservs due to the different systems of agriculture, the impact of
technological load and technogenic pollution on the soil and to maintain and preserve the
indicators of its energy intensity as criteria for determining its quality. There is a possibility
to controll influence on the processes that leading to decrease of free energy in the soil and
increase entropy and energy that is associated with humus, which improves soil
productivity.

Changes of integral indicators of the soil ecological and energy status allows
assessment of its ecological functions, agricultural technologies, fertilizers systems and
agriculture in agro- and ecosystems, which gives the opportunity to identify promising
areas of soil resources better applying, provides the elimination of negative impacts on
environmental and energy state of the soil using of less energy-intensive activities to restore
soil fertility for displays of degradation processes and reducing the costs of anthropogenic
energy on overcoming them.

Table 4
Ranking of the soils productive function in terms of intensity as criteria
of their ecological and energy state
Estimation of different genesis soils in quality
L . The soil The soil energy Productive function

Climatic zone. Type of soil quality class intensity (fertility)
Polesie. Sod-podzolic 4
Forest-steppe. Light-grey <011 low
Forest-steppe. Grey podzolized
Forest-steppe. Dark-grey 3 0,31 -0,51 average
Steppe. Dark chestnut
Steppe. Chernozem southern 2 0,51 -0,71 high
Steppe. Chernozem Ordinary 1 0,71 very high

Forest-steppe. Chernozem typical

Scientific elaboration is secured by protection document (Pat. of Ukraine for
invention, Ne 113828 UA, 2017).

CONCLUSIONS

1. Distinctive features and advantages of the elaborated method in comparison with
known methods and approaches are as follows:

a) the elevated predictability of elemental, humus, energy status and ecological state
of a certain soil type in general for the assessment of soils environmental and energy state,
levels of their fertility in the application of different fertilizing systems, risk and the
availability of HM pollution, to prevent the degradation of soil organic matter and reducing
risks of HM technogenic pollution influences of HM technogenic pollution risks;

b) the express receipt and improve the accuracy of the predicted critical TE/HM
concentration in the soil and a simultaneous minimization costs of resources;

c) the versatility of the method due to suitability of the established dependencies of
the proposed method for all soil types, climatic zones and contaminants;

d) the ensuring the effective using of diagnostic pairs of soil properties indicators due to
the humus substances interaction and energy expenditure on the humification-mineralization
processes in soils of different types on the basis of the soils elemental status prediction;
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e) the possibility of applying this algorithm for the assessment and rating quality of
different genesis soils use any of soils ecological functions and identifying the optimal
energy costs for their reproduction;

f) the updating further elaborations of new criteria and indicators for assessment and
rationing of the soils quality status with regard to elemental (micro — and macronutrient
status, humus and energy state including technological load and technogenic pollution, to
stimulate further researches on energetics of soil formation and solving of practical tasks of
different genesis soils functions conservation and restoration.

2. The scientific elaboration should be used in environmental regulation of the TE
content and the regulation of lods (technogenic, technological) on the soil system, in
agroecology in issues of organic farming, bioenergy and energy of soil formation;
diagnosis, estimation, prediction of humus quality and the TE status and the danger of
excessive HM accumulation in the soil for indicators of the energy state; for the effective
environmental management of soils as in natural conditions and the impact of various
anthropogenic loads, taking into account ecological functions of soils; in research practice -
for system research of the biosphere natural components, the assessment of carbon
sequestration in soils and the assessment and regulation of their quality.
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