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ABSTRACT

Peculiarities of formation, distribution and fertility of typical chernozems on the territory of Europe as a whole and
within the agricultural lands of Ukraine were given. It is noted that the existing agro-industrial characteristics of
agricultural products least reflect the quality of raw materials and therefore are not analyzed as a factor influencing
public health. The relevance of biogeochemical research of food (agricultural) raw materials and the introduction of
new criteria for its quality were outlined. The purpose of the presented research was to expand the quality indica-
tors of agricultural products on the basis of topical structure of agricultural landscapes and biogeochemical criteria
for evaluating “typical chernozems — cereals and vegetables” systems. A system of biogeochemical parameters and
quality criteria of plant products containing two components has been developed. The first component is the spatial
differentiation of natural and agro-technological features of agrolandscapes (systems of rocks-typical chernozems-
cultures), which highlight the prevalence of nutrients in bedrock, particle size distribution of typical chernozems
and the ratio of their prevalence within the administrative regions of Ukraine. There are 12 groups of agricultural
landscapes that differ in these features. A set of biogeochemical parameters for the distribution of essential elements
in the components of the agricultural landscape, criteria for their ecological balance and impact on the quality of
agricultural raw materials.Implementation of the proposed criteria for the quality of agricultural products was carried
out on the territories of two agrolandscapes of typical chernozems in the Kyiv and Poltava regions.It was established
that the physico-chemical balance of Zn, Cu and excess Mo in the rocks and soils of the agro-landscape of the Right
Bank Forest-Steppe is not consistent with biogeochemical deficiency of copper and, in part, zinc in cereals (oats).
The physico-chemical balance of Zn, Cu in the soils of the agro-landscape of the Left Bank Forest-Steppe does not
agree with the biogeochemical deficiency of zinc in vegetable crops (potatoes, carrots, and beets). On the basis of the
biogeochemical criteria for the distribution of Zn, Cu, Mo in agricultural landscapes, the proposed territorial measures
to improve the quality of grain and vegetable products to prevent copper and zinc “hidden hunger” in the population.

Keywords: soils, biogeochemistry, productivity, product quality, agrolandscape, micronutrient balance, compre-
hensive assessment.

INTRODUCTION are the most fertile soils on Earth, which are
able to provide the highest yields of crops.

Chernozems are distributed in the con-  That is why the quality of agricultural prod-
tinental biogeographical region of Europe, ucts obtained on chernozems significantly af-
which occupies the central part of the conti- fects the quality of food and nutrition of the
nent from France in the southwest to the Rus-  population of each state as a whole [Sobchyk,

sian Federation in the northeast. Chernozems 2013, Sobchyk, et al., 2010].
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Figure 1. Distribution of chernozems in Europe territory [Chemistry, 2012]

Chernozems occupy 9% of Europe, a quarter
of which, 0.25 million square km, is located with-
in Ukraine (Fig. 1) [Chemistry, 2012]).

One third of Ukraine’s chernozems belong
to typical chernozems, which make up, 7.2% of
European chernozems [Baluk, et al., 2010]. Typi-
cal chernozems of Ukraine are widespread in the
natural-agricultural zone of the Forest-Steppe
and have the highest degree of plowing — 95.3%.
Thechernozems of the Forest-Steppe of Ukraine
were formed on the Eastern European polygenic
plain in the areas of forest plains and floodplain
terraces of the Podil and Prydniprovska uplands.
Underlying Quaternary rocks here are crystalline
rocks of the Ukrainian Shield and sedimentary de-
posits of the Dnieper-Donetsk basin. The originof
chernozems of the Forest-Steppe is due to their
formation under meadow-steppe vegetation on
Quaternary forest deposits and loess loams with
good surface and internal drainage in semi-humid
warm climate. Unwashed type of water regime,
active biological cycle with the formation and hu-
mification of a significant part of organic matter
determine the accumulative type of soil formation
in relation to humus, nutrients and carbonates.

That is why the agrochemistry of typical cher-
nozems is distinguished by two leading features.
The first feature is a significant humus content
and isohumus profile up to a thickness of 150 cm:
the humus content in the arable layer (0-30 cm)
is determined by particle size distribution and
hydrothermal parameters of the warm period and

ranges from 2.5-3.5% on light loam to 5.5-6.0%
on heavy loams and light clays.The second is the
saturation of bases and the presence of carbonates
in the main horizons: calcium absolutely domi-
nates among the absorbed cations, with a neutral
water pH 6.7-7.3 and hydrolytic acidity up to 1-2
mg-eq/100 g. Their modern geochemical compo-
sition reveals the processes of low physicochemi-
cal concentration of S, B, Ca, Si, K, Ba and the
scattering of virtually all other essential chemical
elements that are vital for biocenoses and the hu-
man body [Klos, 2012, Yehorova, 2018, Barroso,
2022]. Such geochemical and agrochemical fea-
tures of typical chernozem largely reveal the mo-
bility of nutrients in the system “soils — crops”,
their biogeochemical features and the formation
of the quality of agricultural products.

LITERARY REVIEW

The main economic features of typical cher-
nozems, as well as land resources of Ukraine as a
whole, are the total crop yield, soil humus and ba-
sic macronutrients, crop rotation, as well as pla-
nar soil erosion as the main indicator of their deg-
radation [Yatsuk, et al., 2019, Dreshaj A. et al.,
2022]. The defining component of the analysis of
the agricultural sector of the Ukrainian economy
is the volume of agricultural consumption by the
population [Prokopenko O.M. et al., 2019].

305



Journal of Ecological Engineering 2022, 23(10), 304-316

Significant volumes of grain and industrial
crops are grown on typical chernozems lands, the
quality of which directly affects the health of at
least 40% of the population of Ukraine, as well as
consumers of export products in European coun-
tries. The main directions of agricultural produc-
tion in Ukraine as of 2010 was the cultivation of
cereals and industrial oilseeds [Rudenko L.G. et
al., 2009].Between 2005 and 2018, sown areas,
such as corn for grain, gradually increased up to
6 times. With a high genetic potential of produc-
tivity, modern hybrids of this crop, which is less
risky to grow than winter wheat, underclimate
change conditions are able to form a much higher
level of grain yield, which makes the overall pic-
ture of grain production in Ukraine quite favor-
able, reaching 78 quintals per hectare [Petrychen-
ko V.F. et al., 2019].

In terms of agricultural product quality,
Ukraine’s agricultural science is largely focused
on improving the effective yield of crops and
their phytosanitary status, including pests of vari-
ous groups.Sometimes these indicators are added
to the levels of the main nutrients and toxic sub-
stances - protein and sugar, the presence of cer-
tain pesticides and radionuclides, etc. [Balyuk
S.A. etal., 2016].

Natural and anthropogenic processes of origi-
nationand degradation of typical chernozems
determine both the spatial heterogeneity of their
structure and the differentiation of the quality
of agricultural products. The study of individual

biochemical components of agricultural products
indicates their certain dependence on agrochemi-
cal parameters of typical chernozems (Table 1).

Biogeochemical principles and components
of the quality of plant agricultural products re-
main beyond the attention of domestic biologists,
agroecologists and agrochemists. It should be
noted that similar approaches can be observed in
animal husbandry (meat weight, milk yield, num-
ber of eggs).

On the basis of the consumer basket, there are
annual estimates of calories, protein, fat, and cal-
cium and iron consumed by one Ukrainian, which
are 872 mg / day and 20.2 mg / day, of which 32%
and 80% [Prokopenko O.M. et al. 2019] of plant
products enter the body, respectively. However,
considering the figures of total crop yields and
“gross consumption”, it becomes virtually impos-
sible to assess the quality of consumer products
and to distinguish crops with low or dangerous
quality for the population. It should be empha-
sized that the existing normative characteristics
of Ukrainian crops are the only open quantitative
assessments of these agrocenoses, but they reflect
little information about the quality of agricultural
products and do not consider their impact on the
health of Ukrainian population. It is customary to
leave most of the nutrients outside of agronomic
and agrochemical research in Ukraine.

Meanwhile, international documents draw the
attention of agricultural science to the problem of
imbalance (lack or excess) of nutrients in food,

Table 1. Agrochemical indicators of typical chernozem and their influence on the protein content in winter wheat
grain in the Forest-Steppe of Ukraine [Balyuk S.A., et al., 2016]

. . Protein content in winter wheat grain,% under conditions:

Physico-chemical parameters Intervals of values of the — —
of typical chernozem typical chernozem indicator Natural fertility Application
(without fertilizers) NgoPooKoo
2.0-3.0 1.0 10.8-11.2

Humus, % 3.0-5.0 1.3 1.5
more 5.0 1.9 11.9-12.4
less 5.5 1.4 11.3-11.4
pHsol, units 5.1-5.5 111 11.9-12.1
4.6-5.0 12.9 11.1-13.5
less 51 1.4 11.4-12.1
51-100 1.2 11.6-11.7

P,O,, mg/kg

100-150 12.4 11.2-11.3
more 150 12.1 1.2-11.4

less 80 10.8 1.3
80-120 11.8 11.4-11.6

K,O, mg/kg

120-180 11.8 1.3

more 180 1.5 11.1-11.6

306



Journal of Ecological Engineering 2022, 23(10), 304-316

including “hidden hunger of the population”,
which is transformed into an imbalance of nutri-
ents in humans, livestock, and poultry. The mul-
tifactorial nature of the problem of agricultural
product quality requires consideration of research
by specialists in specialized fields — agrochem-
ists, botanists, phytopathologists, microbiologists
and soil scientists and requires a holistic approach
to the analysis of the “soil — agricultural products
— man” system. Such a system of research was
developer in the last century by the fundamental
works of V.I. Vernadsky on biogeochemistry and
practically embodied in the theory and practice of
biological and ecological geochemistry by Vino-
gradov, V.V. Kovalsky, V.V. Yermakova and oth-
ers. [Kovalsky V.V., 1978., Ivanov V.V., 1994]. In
recent years, systematic research in this area has
been conducted by the Institute of Agroecology
and Nature Management of NAAS [Yehorova
T.M., 2021., Yehorova T.M., et al., 2020, Yehoro-
va T.M. 2018., Palapa N.V., et al., 2009, Sozinov
0.0, etc. 1994].

The quality of agricultural raw materials is
the basis of product quality. Only the latter has
a wide range of characteristics and evaluation
criteria, among which, today, the content of nu-
trients (protein, sugar, etc.) and contamination
with pesticides as well asradionuclides has legal
restrictions. At the same time, the morbidity of the
population and livestock (as well as individuals)
due to the imbalance of essential (nutrient) ele-
ments in the human body has long been beyond
doubt among physicians and veterinarians. The
pharmacological network of Ukraine alone offers
hundreds of drugs that will enrich the body with J,
Se, Zn, Co, Mo, Ca, Ba, P, etc. At the same time,
neither the buyer nor the seller has the slightest
idea of the need, benefit or danger of “such en-
richment” and the need for a preliminary exami-
nation for the content in their body of the relevant
essential elements.Despite the importance for the
food industry and pharmacological adjustment of
public health, biogeochemical assessments and
their importance as indicators of the quality of
agricultural raw materials, there is still no place
in the system of agrochemical certification of ag-
ricultural land.

The “system” is working and it is not possible
to stop it in the near future. However,it is possible
to introduce biogeochemical quality standards
into the evaluation system of each batch of food
raw materials.That is why it is advisable to intro-
duce such criteria in the scientific and practical

development of our agricultural science. Such
criteria will be an impetus for the food industry,
which is able to increase or decrease (block) in
the products of certain chemical elements, which
will improve public health by enhancingthe qual-
ity of products in terms of nutrients.

According to the laws of the biosphere, set
out by V.I. Vernadsky, and accordingly the agro-
sphere, the connection of soil with vegetation is
due to biological cycles of substances and bio-
geochemical cycles of chemical elements [Ye-
horova T.M., 2021]. These cycles contain leading
tools for assessing the relationship of crops to soil
and are determined by biogeochemical methods,
characteristics and criteria. Therefore, it is the
biogeochemical criteria for the quality of crops
that are a complex multifactorial feature of the
impact of soil on the crop, as well as the level of
humus in the soil and its supply of nutrients and
chemical elements.

During the second half of the last century,
biogeochemical ideas were embodied in the for-
mation of theory and methodology of various
interdisciplinary research areas — landscape and
ecological geochemistry, geoecology, radioecol-
ogy, geochemical ecology, medical geology, mi-
croelementology, etc. For more than half a centu-
ry, starting with the research of P.A. Vlasyuk and
V.V. Kovalsky (60-70s of the 20th century), the
biogeochemistry of Ukraine has been making its
way in the environment of agricultural sciences
and land use systems. In fact, the results of bio-
geochemical processes are the provision of food
raw materials with balanced levels of nutrients,
their excess or deficiency in accordance with the
concepts obtained in biogeochemical generaliza-
tions of geochemical ecology conducted in the
1960-90s in territories of endemic or background
provinces of Ukraine and other countries, and
also modern regional research in the field of ani-
mal husbandry of our state.

At the same time, the embodiment of VI Ver-
nadsky’s biogeochemical ideas in the study of the
agrosphere requires extensive practical research
to obtain informative results.

The purpose of the presented researchwas
to expand the quality of agricultural products
by forecast characteristics (based on the topical
structure of agricultural landscapes) and biogeo-
chemical criteria for evaluating systems “typical
chernozems — cereals and vegetables”.

The object of the presented study is fore-
casting the supply of agricultural crops with
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micronutrients in agrolandscapes of typical cher-
nozems. Subject of study — biogeochemical crite-
ria for the formation of the quality of agricultural
raw materials by the content of essential trace
elements of different levels of biophilicity. Re-
search methods — historical, biogeochemical, ag-
rochemical, ecological-geochemical, agronomic.
Laboratory measurements were performed in sta-
tionary physical and chemical laboratories of the
Institute of Agroecology and Nature Management
of NAAS, NSC “Institute of Agriculture” NAAS
and SE “Ukrainian Geological Company”.

The developed system of biogeochemical
parameters and quality criteriaof plant products
contains two components. The first component
constitutesspatial differentiation (agrolandscapes)
of “rocks-typical chernozems-cultures” systems
taking into account the prevalence of nutrients in
underlying rocks, physico-chemical (particle size
distribution) of typical chernozems and the ratio
of their distribution and gross (statistically pub-
lished) crop yields within territory of Ukraine.
This provides a basis for qualitative forecasting of
plant nutrients, crop selection, intensity of anthro-
pogenic transformations of the soil-plant system
and the importance of the quality of crops of cer-
tain agricultural landscapes in the overall balance
of product evaluations of the relevant administra-
tive region. The second component is theecologi-
cal assessment of biogeochemical nutrient chains
using geochemical, biogeochemical and medico-
ecological criteria. This provides a basis for quan-
tifying the supply of plant products with nutri-
ents (in certain crop rotations, agrochemical and
varietal characteristics of crops) and its possible
impact on the morbidity of the population and do-
mestic animals.The application of biogeochemi-
cal criteria to assess the quality of crops and raw
materials opens up new opportunities for improv-
ing the health of both the population of Ukraine
and livestock. Formally, it is able to provide new
mechanisms for the transition to biocentric (eco-
logical) crop production from anthropocentric,
prevailing in our country to this day.

The authors’previous scientific and method-
ological developments have outlined the concept
of agrolandscape, biogeochemical chain and its
links. Each soil-plant system is considered as one
that is in a state of dynamic equilibrium, like any
other natural formation, and develops in the direc-
tion of its natural physico-chemical and biological
organization [Yehorova T.M., et al., 2020]. With-
in the framework of agroecological research of

308

Ukraine, the concept of biogeochemical chainhas
been specified. This is a system of conjugated
within the agro-landscape links “rocks — soils —
waters — living matter of natural and agricultural
plants”, which are interconnected by processes
of biogenic and physico-chemical natural-man-
made migration of biophilic (nutrient) chemical
elements. Such limitations are explained by the
fact that modern agricultural research lacks both
agro-landscape systematization of agricultural
lands and combined information on the chemical
composition of rocks, soils, water plants, animal
and population diets.

Agro-landscape systematization of agricul-
tural lands, as well as agro-landscape in general,
is usually identified with such parameters as soil
type, its acidity and humus content in the arable
layer 0-30 cm. Such information is important,
but does not reveal the features of chemistry and
biogeochemical processes both in the agro-land-
scape and in the soil as a separate component. To
solve agroecological problems, spatial systemati-
zation and mapping of lands should also include
the characteristics of chemistry (geochemistry) of
bedrock and natural waters, natural biomass and
plant productivity, which largely shape the eco-
logical and biogeochemical features of lands.

RESULTS AND DISCUSSION

The biogeochemical system of plant quality
criteria introduces two components into agroeco-
logical research. The first is the spatial differen-
tiation (agrolandscapes) of “rocks-typical cher-
nozems-cultures” systems, taking into account
the prevalence of nutrients in underlying rocks,
physico-chemical (particle size distribution) of
typical chernozems and the ratio of their distri-
bution and gross (statistically published) yield at
administrative regions of Ukraine. The second is
identification and ecological assessment of bio-
geochemical nutrient chains based on biogeo-
chemical criteria.

Spatial differentiationof systems “rocks - typ-
ical chernozems — plant” highlights the peculiari-
ties of the formation and functioning of biogeo-
chemical chains of biophilic elements.

While studying the distribution of typical
chernozems on the territory of Ukraine, regional
groups of agrolandscapes have been identified,
the biogeochemical features of which directly
form a certain differentiation of the quality of
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the final agricultural products. Three natural and
agro-technological features of differentiation of
agrolandscapes that have an impact on the bio-
geochemical characteristics of nutrient chains
have been selected. The first is geochemical and
metallogenic specialization in biophilic elements
and bedrock crystalline rocks of the Ukrainian
Shield and sedimentary deposits of the Dnieper-
Donetsk basin (as an indicator of the main source
of chemical composition of soil-forming rocks
and soils); the second is the granulometric com-
position of typical chernozems (as an indicator
of stable physicochemical absorption capacity of
the soil profile —in contrast to the humus content,
which varies widely in profile and depends on ag-
ronomic measures); the third involves groups of
crops by different categories of nutrient require-
ments (as an indicator of the needs of the main
nutrients and microfertilizers).

According to the first natural-agro-technolog-
ical feature, in the predominant area of distribu-
tion of typical chernozems underlying rocks are
enriched, among the biophilic elements, only with
iron; much smaller areas are characterized by con-
centrations of zinc and copper; local metallogenic
and geochemical zones specialized in phosphorus,
potassium, calcium, sulfur, molybdenum, manga-
nese, and lead [Galetsky L.S. et al., 2001, Yehoro-
va T.M. 2020, Yehorova T.M., et al., 2007].

1. Agrolandscapes of rare-earth specialization of
crystalline rocks of the province of the Ukrai-
nian Shield on mineralization of tariffs by con-
centrations of biophiles in the Khmelnytsky
metallogenic zone Mo, Cu.

2. Agrolandscapes of lithophilic and chalcophilic
specialization of crystalline rocks of the Ukrai-
nian Shield province in the Bila Tserkva struc-
tural-metallogenic zone on Zn, Cu, Mo, P, K,
Ca, and Fe.

3. Agrolandscapes of titanium-phosphorus vana-
dium and chalcophilic specialization of crys-
talline rocks of the Ukrainian Shield province
in the Bila Tserkva structural-metallogenic
zone on P, Mn, Zn, Cu, Mo, and Fe.

4. Agrolandscapes of complex lithophilic or un-
manifested specialization of crystalline rocks
of the Ukrainian Shield province in the Bila
Tserkva structural-metallogenic zone without
biophiles.

5. Agrolandscapes of chalcophilic specializa-
tion of sedimentary sediments of the Dniester-
Black Sea province in the Dubno-Gorodok
metallogenic zone on Zn, Cu, Pb.

6. Agrolandscapes of chalcophilic specialization
of sedimentary sediments of the Dnieper-Do-
netsk province in the Central structural-metal-
logenic zone on Zn, Pb, S.

According to certain groups of agrolandscapes,
there are opportunities to clarify the choice of
crops according to their needs in nutrients, precise-
ly because the natural state of the agrolandscape
is characterized by enrichment in certain elements.
For example, agrolandscapes of the first group are
distinguished by the enrichment of rocks and (most
likely) soils Mo, Cu. Buckwheat and alfalfa, and,
to a certain extent, oats, rice, cabbage, onions, are
in high demand for both of these microelements
[Prokopenko O.M. et al., 2019].

According to the second natural and agro-tech-
nological feature, the predominant areas of typi-
cal chernozems by granulometric composition are
classified as medium loam and, to a lesser extent,
light loam [Krupskyi M.K. et al., 1972, Maps].

1. Agrolandscapes with chernozems are typical
dusty-medium loam.

2. Agrolandscapes with typical chernozems are
coarse-grained-medium-loamy.

3. Agrolandscapes with chernozems are typical
coarse-grained light-loam.

According to certain groups of agro-
landscapes, the absorption complex of typical
chernozems functions, more precisely, its me-
chanical sorption capacity. For example, in the
agricultural landscapes of the third group, the re-
moval of nutrients from the soil (physico-chemi-
cal agro-technogenic scattering and anthropogen-
ic transformation) will be most intense with the
combined enrichment of plant products.

According to the third natural and agro-tech-
nological feature, the predominant areas of typi-
cal chernozems are used for growing cereals and
industrial oilseeds. Such information is publicly
available only from statistical collections, in which
information is grouped by administrative region
[Prokopenko O.M. et al., 2019]. Without touch-
ing on the “unnatural” content of such statistics,
as well as the limited list of “food nutrients” iron
and calcium, the authorsmust rely on this informa-
tion. Summarizing the digital material on the area
of distribution of typical chernozems, areas under
crops and crop yields (cereals and legumes, winter
wheat and sunflower) by administrative regions of
Ukraine, the following three groups of agricultural
landscapes were identified.
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1. Agrolandscapes of typical chernozems, with
prevalence in large (60-90%) areas of admin-
istrative regions, which correlates with in-
creased yields of cereals and legumes (66-70
kg/ha), wheat (43—55 kg/ha) and sunflower 29-
31 c/ha)-Kyiv, Poltava, Sumy, Khmelnytsky
regions.

2. Agrolandscapes of typical chernozems, with a
distribution on insignificant (20-30%) areas of
administrative regions, which correlates with
reduced yields of cereals and legumes (45 c/
ha), wheat (36 c/ha) and sunflower (25 c/ha) —
Kirovograd region.

3. Agrolandscapes of typical chernozems, with
prevalence in different (20-70%) areas of ad-
ministrative regions and variable yields of ce-
reals and legumes (38—71 kg/ha), wheat (3438
kg/ha) and sunflower (28-32 c/ha) — Kharkiv
and Cherkasy regions.

According to certain groups, it is advisable
to distinguish between the yield levels on differ-
ent soils. This makes it possible to reduce “food
requirements and pressure” and areas with gray
podzolic soils and obtainreal causal links between
areas and the results of growing plant products
of a certain quality, as well as to form regionally
spatially differentiated measures to improve agri-
cultural quality.

Ecological assessment of biogeochemical nu-
trient chains using geochemical, biogeochemical
and medico-ecological criteria is based on the de-
veloped spatial differentiation of agrolandscapes
of typical chernozems.

The second component of the system of bio-
geochemical evaluation of agricultural products
includes the combined evaluation of different
links of the food biogeochemical chain (rocks,
soils, crops) in the direction and results of the
cycle of elements.

The development of such criteria is based on
the postulates of the teachings of VI Vernadsky
on the unity of all parts of the biosphere and bio-
geochemical cycles and chains as semi-closed
systems that combine rocks, waters, soils, phyto-
cenoses and zoocenoses [ Yehorova T.M., 2021].

The set of biogeochemical parameters of the
distribution of essential elements in the compo-
nents of the agro-landscape includes the coef-
ficients that allow determiningthe distribution
and sequence of processes of transition (migra-
tion) of elements in the components of the agro-
landscape. Such coefficients are widely described
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by us [Yehorova T.M. et al., 2020, Palapa N.V.,
2009] and highlight the features of two types of
natural and man-made geochemical migration.
Coefficients of biogenic migrationare the main
estimates of the nature and intensity of the tran-
sition of nutrients in the upper links of the bio-
geochemical chain - soil and plant. Informative
biogeochemical significance is the coefficient of
biological absorption of elements by the plant
from the soil (Ax) and the transition coefficient
(CTx), the coefficient of balance of essential el-
ements in soils (CBG) and dry matter of plants
(CBD). Coefficients of physicochemical migra-
tion are estimates of the nature and intensity of
the transition of nutrients in the lower and middle
links of the biogeochemical chain — water, bed-
ding and soil-forming rocks. Informative biogeo-
chemical significance are Clark Concentration
(CCI) and Ecological Concentration Coefficient
(ECI). Ecological concentration factor is used for
the purpose of traditional detection of man-made
contamination of soils and agricultural products.
It should be emphasized that agricultural science
does not separate the pollution of arable land
with heavy metals and radionuclides from the
concept of “maximum allowable concentrations”
of chemical elements in soils and crop products.
Land grading includes comparisons with the
maximum allowable concentration as the only re-
liable approach to assessing the quality of soils
and, a priori, and agricultural products grown on
it. At the same time, other Earth sciences are quite
critical of the application of maximum allowable
concentration in the theory and methodology of
geoecology, biogeochemistry, landscape geo-
chemistry, geochemical ecology, ecological geo-
chemistry. Despite the fixed maximum allowable
concentration conditions for all, these sciences
use for analysis the background levels of chemi-
cal elements, which are the basis for calculating
the coefficients of concentration and total soil
contamination by heavy metals.

To calculate these coefficients, the ratio of nu-
trients in the soil-plant system (in the calculations
of Ax, CTx), threshold levels of elements in soils
and vegetation (in the calculations of CBG and
CBR), maximum allowable concentrations (in the
calculations of ECI), clarke rocks and plant ash
(in the calculations of CCI) are used. These quan-
titative estimates of the content of chemical ele-
ments in rocks, soils, vegetation and continental
waters are contained in various reference books
on ecology, biogeochemistry and agrochemical
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Table 2. Biogeochemical criteria for assessing the quality of agricultural products on the content of Zn, Cu, and Mo

. o . . . Criteria for violation of the norm and imbalance of
Normality criteria and balance of biogeochemical chains ) ; )
Nutrient biogeochemical chains
Ax CTx CBG CBR ECI Ax CTx CBG CBR ECI CCl
1 2 3 4 5 6 8 9 10 11 12 13
<1 >
1-2.3; ’ <1 <0.5;
Zn 10-12 | 42-66 15 1-25 <1 0.5-1.5| <10 <40 2.35§nd > 25 > 1 515
<1
1-10; >10 <t <0.5;
Cu 2-5 no data o 1-13 <1 0.5-1.5 <2 no data and =13 >1 >15
2**
<1;
1-2.6; >2.6 <1 <0.5;
Mo 9-19 | nodata 1-50* 1-15 <1 0.5-1.5 <9 no data and > 15 >1 >15
50*

Note: * movable form for oxalate buffer, pH 4.8; ™ soluble form for IN KCl, pH 3.3.

monitoring of soils [ Yehorova T.M. 2018., Yatsuk
L.P. et al., 2019., Kovalsky V.V., 1978., Yehorova
T.M., 2021., Yehorova T.M., et al., 2020.]. For ex-
ample, for Kein calculations, the maximum con-
centration limits of Zn, Cu and Mo soils in the
form of gross —55,33 and 2 mg/kg, mobile soils
—23.3 and 0.3 mg/kg, oat grain dry matter — 50,10
and 0.6 mg/kg, dry matter of vegetables —10.5
and 0.2 mg/kg [Yehorova T.M. 2018., Yatsuk L.P.
etal., 2019., Yehorova T.M., 2021.].

However, the calculations of ratios and coef-
ficients, mostly for a particular component of the
agro-landscape (as a rule, soil), do not highlight
the features of the agro-landscape system as a
whole, including the quality of agricultural raw
materials produced within it.Such an assessment
requires a comprehensive biogeochemical assess-
ment of the system. To this end, biogeochemical
quality criteria for assessing the quality of agri-
cultural products as a result of redistribution of
nutrients in the “rocks — soils — crops” system
(Table 2) have been developed and implemented
on the example of Zn, Cu, and Mo.

Biogeochemical criteria for the quality of ag-
ricultural products are based on the assessment of
biogeochemical chains available for analysis of
essential, or biophilic and nutrient, elements in
the “rocks — soils — crops” system. Such systems
have a spatial differentiation, which were sys-
tematize by individual agricultural landscapes or
their taxonomic groups. Studies of biogeochemi-
cal chains include the parameters and criteria that
highlight the levels of balance of elements and
their generalization for the territory of a particu-
lar agro-landscape. Such generalization should
become an element of the certificate of food raw

materials and a tool for choosing measures for its
processing, for example, as was the washing of
industrial crops (potatoes, beets), which are col-
lected in radioactive areas.

The introduction of biogeochemical criteria
for the quality of agricultural products was per-
formed in the territories of two research sites,
biogeochemistry and agroecology of which were
studied during 2008-2018 (Table 3).

On the territory of the Right-Bank Forest-
Steppe of Ukraine,the agrolandscape of typi-
cal chernozems coarse-grained light loam with
lithophilic and chalcophilic specialization of
crystalline rocks of the Ukrainian Shield prov-
ince in Bila Tserkva structural-metallogenic
zone (Zn, Cu, Mo, P, K, Ca, Fe) with their sig-
nificant spread in the Kiev region were studied.
The research area belongs to the territory of
the Research Enterprise “Experimental Farm”
Skvyrske”, which is administratively part of the
Skvyra district of Kyiv region in the interfluve
of the left tributaries of the river Ros. Landscape
and geographical features of this area determine
the distribution of denudation flat-undulating
with residual humps of loess height on sedimen-
tary deposits, where chernozems typical are in-
terspersed with gray podzolic soils; the valleys
of the rivers on the right bank of the Ros River
(Domantovka and Berezanka rivers) include
narrow floodplains and terraces, within which
there are outcrops of crystalline rocks of the
Ukrainian Shield.

Peculiarities of the structure of the studied
agrolandscape indicate the presence of excessive
concentrations in the bedrock of a number of es-
sential biophilic elements and the possibility of
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Table 3. Characteristics of components of agrolandscapes of typical chernozems of the Forest-Steppe of Ukraine

(range of values)

Estimates of arable land of autonomous agrolandscapes of typical
chernozems of the Forest-Steppe of Ukraine
Characteristics of | Regional estimates of the Left-bank Forest-Steppe Right-bank Forest-Steppe (Kyiv region,
agrolandscapes Forest-Steppe of Ukraine (Poltava region, Public enterprice “Research farm
Berezotocha village, Skvyrske”, 2016-2018), Egorova TM,
2008-2009) [16] Sapsay TP
1 2 3 4
Underlying rocks
Zn, mg/kg no data 63 34
Cu, mg/kg no data 27 22
Mo, mg/kg no data 1.0 1.1
Soil-forming forests and loess loams (gross and mobile forms)
Zn, mglkg 56-64 56.0* —*zfgﬁf' —0'10_ 2'4
Cu, mg/kg 14.2-19.0 14.3** %
Mo, mg/kg 2.9-34 3.0 0.5-13.0
6.8
Chernozems typical
Humus, % 2.5-6.0 1.1-4.0 1.4-6.0
The sum of
absorbed bases, to 45 no data 18.3-26.9
mg-eq/ 100 g
pH water 6.7-7.3 no data no data
pH salt 5.8-7.4 5.5-7.7
Hydrolytic acidity, 12
mg-eq/ 100 g
N easily hydrolyzed, no data 49,0-168,0 no data
mg/kg
P,O,, mg/kg 105 154-3429 197-17406
K,O, mg/kg 101 132-2081 337446518
0.6-38.8* 32-67; 0.2-1.7*
Zn, mg/kg 33-65 19.9 50 10
. " 0.1-0.6* 9-33
Cu, mg/kg 10-21; 0.06-0.07 03 21
Mo, mg/kg 1.0-1.7 no data %
Cereals and vegetables (dry matter)
2544 18.9-26.2
Zn, mg/kg no data 35 226
0.5-2.6 1.0-2.0
Cu, mg/kg no data 11 15
Mo, mg/kg no data no data %

Note: * moving forms;

** regional estimates based on literature data [Balyuk S.A., et al., 2010, Klos V.R., et al., 2012,

Prokopenko O.M. et al., 2019., Galetsky L.S. et al., 2001., Storchak N.P. et al., 1984., Zarytsky A.I. et al., 1989.];

ok

* in the denominator — the estimate of the average value of the median sample; no data — no data or not studied.

their excess in soils and crops. The granulomet-
ric composition of typical chernozems (coarse-
grained light loam) determines the relatively high
intensity of the process of agrotechnogenic nutri-
ent dispersion for typical chernozems and, accord-
ingly, the lowest level of fertilizer assimilation in
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the conditions of root nutrition and prospects of
foliar feeding. Significant distribution of these
agricultural landscapes in the Kyiv region forms
a significant impact on the overall level of assess-
ments of product quality and health of the popula-
tion of the region.
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Within the agro-landscape, the biogeochem-
ical chains of Zn, Cu, and Mo and the quality
of oats in the system “bedding crystalline rocks
of the Ukrainian Shield — soil-forming rocks
of loess and loess loams — typical chernozem
soils — oats” were studied. Agrogenic factors in
the formation of the quality of grain crops are
the features of the Desnyansky variety of oats,
grown in grain crop rotation, using traditional
agricultural technologies and N, P, K, -applica-
tion. The set of biogeochemical parameters of
Zn, Cu, and Mo and their impact on the quality
of agricultural products in this area are summa-
rized in Table 4.

The presented criteria for evaluating the
biogeochemical chains of three essential trace
elements showed that the biogeochemical fea-
tures of the agro-landscape are characterized
mainly by a balance of Zn, Cu and excess Mo.
However, when growing oats of the Desnyan-
sky variety using traditional technologies, a
biogeochemical deficiency of copper and, par-
tially, zinc is formed. Constant consumption
of copper-deficient products can cause “hidden
copper hunger” and diseases such as weakness,
anemia, leukemia, bone disease, etc. To improve
the quality of oat grain, it is necessary to provide
additional foliar feeding of this crop with appro-
priate microfertilizers, mainly copper. Similar

patterns of biogeochemical copper deficiency
should be expected in the cultivation of other
cereals, biochemical characteristics of which re-
quire it in significant quantities, namely wheat,
barley, millet, corn, etc. It is advisable to focus
here on the cultivation of cereals with high Mo
needs — buckwheat and soybeans.

On the territory of the Left Bank Forest-
Steppe of Ukraine, the agrolandscape of typi-
cal dusty-medium-loam chernozems with chal-
cophilic specialization of sedimentary depos-
its of Dnipro-Donetsk province in the Central
structural-metallogenic zone (Zn, S, Pb) with
their significant distribution in Poltava region
was studied. The study area belongs to the resi-
dential area of the village. Berezotocha, which
is administratively part of the Lubny district of
Poltava region on the left bank of the Sula Riv-
er.Landscape and geographical features of this
area [Marynych O.M., et al., 2007] determines
the distribution of loess lowlands with strong an-
thropogenic cover on Paleogene sediments and
undulating hills, dissected by river and passable
ancient valleys, gullies and ravines, places with
landslides, swamps and saline chernozems.

Peculiarities of the structure of the studied
agrolandscape indicate the presence of excessive
concentrations in the bedrock of Zn, S - essen-
tial biophilic elements with their possible excess

Table 4. Biogeochemical parameters of Zn, Cu, and Mo in the agro-landscape of typical chernozems of the Forest-
Steppe of the Right Bank and assessment of their impact on the quality of food raw materials

. Estimates of the impact of parameters on
Biogeochemical Essential trace elements the quality of agricultural products
parameters Content Excess Lack of
Zn Cu Mo balance content content
1 2 3 4 5 6 7
Underlying rocks of the Ukrainian Shield
Clark Concentration (CCl) 0.7 | 1.0 | 0.8 | Zn, Cu, Mo | no no
Soil-forming rocks of loess and loess loams
Clark Concentration (CCI) 03 | o5 | 45 | cu | Mo Zn
Soils typical chernozems
Clark concentration (CCl) 0.6 0.7 6.1 Zn, Cu Mo no
Ecological concentration factor (Kei) 0.04*-0.9 0.4 3.7 Zn, Cu Mo no
Ecological concentration factor (Kei) 1.7-3.3* 3.5 4.9 Zn, Cu Mo no
Oats of the Desnyansky variety
Clark concentration (CCl) 1.1 0.8 5.0 Zn, Cu Mo no
Ecological concentration factor (Kei) 0.5 0.2 5.0 Zn, Cu Mo no
Plant balance ratio (PBR) 1.1 0.5 15.0 Zn, Mo no Cu
Transition coefficient (CTx) 27 no data no data no data no data Zn
Biological absorption coefficient (Ax) 71 1.4 12.0 Mo no Zn, Cu

Note: " movable form for oxalate buffer, pH 4.8. Calculations are given for the median values of the samples of Table 3.
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in soils and crops. Particular attention needs to
be paid to the possible excess of sulfur — “ag-
ronomic basis of life”. It is advisable to grow
oilseeds and legumes, which have high needs for
sulfur (soybeans, sunflowers, mustard, canola,
beans, lentils, alfalfa, peas), among which pri-
ority should be given to soybeans and sunflow-
ers, also with high Zn needs. The granulomet-
ric composition of soils (dusty-medium-loamy)
determines the average for typical chernozems
intensity of the process of agrotechnogenic dis-
persion of nutrients and, accordingly, the aver-
age level of fertilizer absorption and prospects
of different plant nutrition systems. Significant
distribution of these agricultural landscapes in
the Poltava region forms a significant impact on
the overall level of assessments of product qual-
ity and health of the population.

Within the agro-landscape, the biogeo-
chemical chains of Zn, Cu and the quality of
vegetable crops in the system “bedding sedi-
mentary rocks of the Dnieper-Donetsk province
— soil-forming rocks of forests and loess loams
— typical chernozem soils — vegetable crops”
were studied.Agrogenic factors in the forma-
tion of crop quality are the different varieties of
potatoes, beets, carrots and cucumbers grown
in vegetable crop rotation using traditional

agricultural technologies and the introduction
of mostly organic fertilizers. The set of biogeo-
chemical parameters of Zn, Cu and their impact
on the quality of agricultural products in this
area are summarized in Table 5.

The presented criteria for evaluating the bio-
geochemical chains of two essential trace ele-
ments showed that the features of this agro-land-
scape are characterized mainly by a balanced
content of Zn and Cu.However, biogeochemical
zinc deficiency is formed during the cultivation
of vegetable crops. Constant consumption of
zinc-deficient products can cause “hidden zinc
starvation” and cause diseases such as bone de-
formities, growth retardation and dwarfism, my-
opia, impaired cellular immunity, neurosensory
disorders, etc.To improve the quality of veg-
etable products, it is necessary to provide addi-
tional nutrition of soils and crops with appropri-
ate microfertilizers, mainly zinc. Such patterns
of biogeochemical zinc deficiency confirm the
significant needs of most vegetable crops, bio-
chemical features of which require it in signifi-
cant quantities, which should be expected when
growing cabbage, onions, etc.It is advisable to
focus here on the cultivation of crops with high
and medium Cu needs, i.e. radish, cabbage, cu-
cumbers, cereals, etc.

Table 5. Biogeochemical parameters of Znand Cu in the agro-landscape of typical chernozems of the Forest-
Steppe of the Left Bank and assessment of their impact on the quality of food raw materials

. Estimates of the impact of parameters on the
Biogeochemical Essential trace elements quality of agricultural products
parameters Content Excess Lack of
Zn Cu balance content content
1 2 3 4 5 6
Underlying rocks of the Dnieper-Donetsk province
Clark concentration (CCl) | 0.7 | 0.5 | Zn, Cu | no | no
Soil-forming rocks of loess and loess loams
Clark concentration (CCl) | 0.6 | 0.3 | Zn | no | Cu
Soils typical chernozems
Clark concentration (CCl) 0.7 0.8 Zn, Cu no no
Ecological concentration factor (Kei) 0.8* 0.1** Zn, Cu no no
Plant balance ratio (PBR) 66* 0.1** no Zn Cu
Vegetable crops (table beets, carrots, potatoes, cucumbers)
Clark concentration (CCl) 0.2 0.6 Cu no Zn
Ecological concentration factor (Kei) 0.4 0.2 Zn, Cu no no
Plant balance ratio (PBR) 0.2 0.4 no no Zn, Cu
Transition coefficient (CTx) 0.2 5.1 no Cu Zn
Biological absorption coefficient (Ax) 7.6 9.3 no Cu Zn

Note: “ movable form for oxalate buffer, pH 4.8; ** soluble form for 1N KCl, pH 3.3. Calculations are given for the

median values of the samples in Table 3.
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CONCLUSIONS

Significant volumes of grain and industrial crops
are grown on agricultural lands of European coun-
tries with typical chernozems, the yield of which in
Ukraine reaches 63 c/ha. The quality of these crop
products directly affects the health of at least 40% of
the population, as well as expert consumers.

The ecological features of balance of micro-
nutrients in plant agricultural products were stud-
ied in two agrolandscapes of the Forest-Steppe
of Ukraine according to biogeochemical criteria.
In the agro-landscape of the Right-Bank Forest-
Steppe (Kyiv region), with a balanced content of
Zn, Cu and an excess of Mo in the soil, oat culture
reduced the biological uptake from the soil of Zn
and Cu; this can lead to their biogeochemical defi-
ciency in grain products and contribute to the “hid-
den hunger” of consumers with the development
of endemics of anemia, leukemia, dwarfism, etc. In
the agro-landscape of the Left-Bank Forest-Steppe
(Poltava region), with an excess of Zn and a lack
of Cu in soils, vegetable crops are characterized by
differentiation of biological absorption of Zn and
Cu; this can lead to reverse biogeochemical imbal-
ance and contribute to the “hidden hunger” of Zn
in consumers with the development of endemics
of dwarfism, myopia, bone diseases, etc. Taking
into account biogeochemical criteria, in the studied
agrolandscapes it is advisable to focus on growing
the crops with high Mo needs (buckwheat, soy-
beans) as well as high and medium Cu needs (rad-
ish, cabbage, cucumbers, and cereals), respective-
ly, in the Right Bank and Left Bank Forest-Steppe.

Biogeochemical criteria indicate the absence
of a direct dependence of the quality of agricul-
tural products on the composition of the soil for
the content of nutrients in agricultural landscapes
with typical chernozems. This is an informative
basis for forecasting the quality of agricultural
products and further development of effective
measures to enhanceit as a factor in improving
consumer health.Their generalization on an agro-
landscape basis should become an element of the
certificate of food raw materials and a tool for
choosing measures for its processing.

REFERENCES

1. Balyuk S.A., Medvedev V.V,, Tararico O.G., Grekov
V.0., Balaev A.D. 2010. National report on the state
of soil fertility of Ukraine. Kyiv, 112. (in Ukrainian)

2. Barroso P.M., Winkler J., Oulehla J., Vaverkova
M.D. 2022. Effect of Application of Soil Amend-
ments on the PAHs Level in the Fire-Affected For-
est Soil. Journal of Ecological Engineering, 23(3),
26-38. https://doi.org/10.12911/22998993/145461

3. Balyuk S.A., Lisovyi M.V, et al. 2016. Handbook
of normative indicators of the quality of agricultural
crops in different soil and climatic zones of Ukraine:
reference and normative information. Kharkiv:
Striped Typography, 46. (in Ukrainian)

4. Chemistry of Europin's Agricultural soil. 2012. Part
B. P. 36.

5. Dreshaj A., Millaku B., Abazi A.S., Gashi A. 2022.
Soil Pollution Factors Affecting the Quality of
Crops (Solanum Tuberosum L.). Journal of Eco-
logical Engineering, 23(3), 109—-115. https://doi.
org/10.12911/22998993/145469

6. Ivanov V.V. 1994. Ecological geochemistry of ele-
ments: a reference book / ed. E.K. Burenkov. M.:
Nedra. T.1., 304. (in Russian)

7. Galetsky L.S. et al. 2001. Geology and minerals
of Ukraine. Atlas [maps]: scale 1:5,000,000. Kyiv:
State Enterprise “Takispravi”, 168. (in Ukrainian)

8. Klos V.R., Birke M., Zhovynskyi E.Ya., Akinfiev
G.0., Amashukeli Y.A., Klamens R. 2012. Re-
gional geochemical studies of the soils of Ukraine
within the framework of the International Project on
Geochemical Mapping of Agricultural and Pasture
Lands in Europe (GEMAS). Environmental geo-
chemistry, 1(12), 51-66. (in Ukrainian)

9. Kovalsky V.V. 1978. Geochemical ecology — the
basis of the system of biogeo-chemical zoning. Tr.
Biogeochem. lab. Institute of geochem. and analyt.
chem. them. IN AND. Vernadsky. M.: Science. 15,
3-21. (in Russian)

10. Krupsky M.K. etal. 1972. Lands ofthe Ukrainian SSR
[maps]: scale 1:750,000. Kyiv: Ukrzemproekt, 3.
(in Ukrainian)

11. Maps of Ukraine. Soils. Available online: https://
geomap.land.kiev.ua/soil-2.html in Ukrainian

12.Marynych O.M., Pashchenko V.M., Petrenko
O.M., Shishchenko P.G. 2007. Landscapes of
Ukraine: 1:5,000,000 scale map. National Atlas of
Ukraine. Available online: https://www.cadastre.
bg/archive/8zasedanie/prezentacii/ukraina/NAU.
pdf in Ukrainian

13. Palapa N.V., Kolesnyk Y.P., Skrypnyk G.L., Ra-
zumna L.Yu., Vesna V.Ya., Dzyubenko O.P., Rak
V.V,, Syvoglaz L.M., Kalinina M.A., Syvoglaz V.V.
2009. Ecological condition of rural settlement areas
of Poltava region and ways to improve it (methodi-
cal recommendations) / edited by Acad. NAAS O.1.
Furdychka Kyiv, 40. (in Ukrainian)

14. Petrychenko V.F., Korniychuk O.V., Zemliany O.1.,
Voronetska 1.S. 2019. Modern agrocenoses of the

315



Journal of Ecological Engineering 2022, 23(10), 304-316

Pravoberezhny Forest Steppe: deepening risks and
productivity. Available online: http://fri.vin.ua/con-
ferenzii/2019.10.28. (in Ukrainian)

15. Prokopenko O.M. et al. 2019. Agriculture of
Ukraine. Statistical collection. Kyiv: State Statistics
Service, 235. (in Ukrainian)

16.Rudenko L.H., et al. 2009. Ecological atlas of
Ukraine. Edited by Kyiv Center for Environmental
Education and Information, 104. (in Ukrainian)

17.Sobchyk W., Sternik K., Sobchyk E.J., Noga H.
2015. Rating of yielding of willow fertilized with
sewage sludge. Annual Set The Environment Pro-
tection, 17(2), 1113-1124.

18. Sobchyk W. 2014. Sustainable development of rural
areas. Problems of Sustainable Development, 9(1),
119-126.

19. Sozinov O.0., Priester B.S. et al. 1994. Methodol-
ogy of continuous soil and agrochemical monitoring
of agricultural lands of Ukraine. Kyiv: IAB UAAS,
162. (in Ukrainian)

20. Storchak N.P. et al. 1984. Precambrian Geology and
Metallogeny of the Ukrainian Shield. Set of cards:
explanatory note. Kyiv. Book, 2, 85. (in Russian)

21.Yatsuk L.P., Balyuk S.A. 2019. Mecthodology
for agrochemical certification of agricultural
lands (guiding regulatory document). Kyiv, 108.

316

(in Ukrainian)

22. Yehorova T.M. 2018. Ecological geochemistry of
agricultural landscapes of Ukraine: monogr. / ed-
ited by O.I. Furdychka Kyiv: LLC “DIA”. 264. (in
Ukrainian)

23. Yehorova T.M. 2021. Biosphere ideas V.I. Verna-
dskyi as the theoretical foundations of agrarian ecol-
ogy. Agroecological journal, 1, 7-17. (in Ukrainian)

24. Yehorova T.M., Amashukeli Yu. A., Akinfiev G.O.,
Klos S.V. 2007. Landscape-geochemical basis of
geochemical mapping of the Ukrainian Shield. Min-
eral resources of Ukraine, 1, 6-7. (in Ukrainian)

25. Yehorova T.M., Shumygai I.V., Sapsai T.P. 2020.
Biogeochemical chains of nutrient elements and the
system of assessment of their agrotechnological de-
formations (methodical recommendations) / for the
science. ed. O.I. Furdychka Kyiv: LLC “DIA”, 26.
(in Ukrainian)

26. Yehorova T.M. 2020. The influence of geochemical
specialization of rocks on the ecological features
of soils. Agroecological journal, 2, 24-30. https://
doi.org/10.33730/2077-4893.2.2020.207677 (in
Ukrainian)

27. Zaritsky A 1. et al. 1989. Methodological recommen-
dations for the rational use of complexes of geochem-
ical methods for prospecting for ore deposits in large-
scale geological mapping. Kyiv, 211. (in Russian)



