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Abstract

The article presents the results of colorimetry and practical study of the processes of decolorization 
of chernozems by using a scanner as one of the effective and available methods for assessing soil 
color at the macromorphological level. The infl uence of moisture on the objectivity of the color pa-
rameters of typical chernozem samples in the color space of the CIE L*a*b* system is experimentally 
analyzed. Based on the parameters of brightness (L*), red (a*) and yellow (b*) color components, the 
color differences of typical chernozems of arable land and adjacent forest belts were established, 
and the horizontal color heterogeneity of the arable horizon of plain and slope areas was deter-
mined. The results of the study indicate that chernozems undergo an intense change in the natural 
color on slopes with a steepness of ≥ 4%. In soil samples, an increase in the range of the chromatic 
index b* indicates a low humus content and an increase in the role of loess loams in the pigmenta-
tion of the arable horizon. Compared to arable land, soil samples of typical chernozem taken under 
forest belts are characterized by low brightness (L*) and high levels of humus. The obtained results 
show the possibility of using this approach to assess the quality state of chernozems. In addition, a 
direct study of the color of chernozems will allow obtaining data regardless of weather conditions, 
the presence of vegetation, and soil cultivation technology. The minimized infl uence of the external 
environment on the process of fi xing the color parameters of the soil will contribute to the objec-
tivity of information, which can later be used as an addition to the results of remote sensing. The 
formation of a digital database of color data will allow localizing areas of manifestation of decolori-
zation of chernozems and assessing the risks associated with the soil management system.

Key words:

Soil color
Colorimetry
Decolorization
Erosional degradation
Typical chernozem

1. Introduction

Color is not a random feature, but a fundamental charac-
teristic that reflects the quality state of the soil and is an identi-
fying characteristic of soil horizons (Brown and O`Neal, 1923; 
Mieczyński, 1931). Many popular names of soils used in scien-
tific classifications are formed precisely on the basis of color 
characteristics (Pozniak and Havrysh, 2019). Chernozems, fa-
mous for their agricultural potential, are a classic example. His-
torically, a stable stereotype of the identification of chernozems 
has long been formed in society, represented by a peculiar set 
of characteristics and properties: dark soil color→fertility→
chernozem. In scientific publications (Krupenikov, 1978), there 
is a symbolic comparison of the image of chernozems with the 
appearance of a crow’s wing and an arabian horse, which em-
phasizes the aesthetic uniqueness of the color characteristics 
of these soils.

It is the typical chernozems that are the standard of 
biospheric fertility and the model of the image of chernozems. 

In the virgin state, the high humus content at the macromorpho-
logical level homogenizes and masks any color differences in the 
humus-accumulative horizon, and only with depth is a gradual 
change in color characteristics observed. The uniqueness of the 
reference color of chernozems at the landscape level is the re-
sult of long-term pedogenesis under meadow-steppe vegetation 
(Dokuchaev, 1949) with highly favorable conditions for the ac-
cumulation of organic matter. 

Under the conditions of agricultural development, cher-
nozems experienced almost the greatest anthropogenic pres-
sure (Kravchenko, 2020). The modern landscape image of virgin 
areas has been replaced by spatially organized agricultural land 
with clear contour forms and a system of forest shelterbelts, 
which plays an important role in maintaining the quality state 
and fertility of the soil (Krupenikov, 2008; Novykh and Chendev, 
2014). In addition, strip forest plantations affect the distribution 
of precipitation and heat, improve agronomic performance, and 
contribute to the accumulation of organic matter in the adjacent 
areas of arable land (Pardon et al., 2017).
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The evolutionary chain of soil genesis under cultivated and 
silvicultural vegetation leads to spatial differences at the macro-
morphological level, which is also reflected in the color charac-
teristics of the soil (Gorban et al., 2019). With the agrogenic trans-
formation of chernozems, the dark color of the open surface is 
a key factor affecting microclimatic features, the course of pho-
tochemical reactions (Karavanova, 2003) and the biological ac-
tivity of soils in general. The transformation of soil regimes, the 
formation of atypical technological horizons, and degradation 
processes led to evolutionary changes in the natural appearance 
(Nosko, 2006), among which black color plays a peculiar role of 
a physical indicator in reflecting the quality state of chernozems 
(Krupenikov, 2008). The change in tonality and the formation of 
variegated coloration of the arable layer indicate horizontal het-
erogeneity of soil formation, which is the result of irrational soil 
management (Haskevych, 2017).

Under the secondary forest areas of chernozems, which 
were previously cultivated, the ecology of soil genesis is changing 
(Pankova, 2020). The composition of the stand, the formation of 
an uncharacteristic layer of forest litter, and the transformation 
of soil regimes against the background of plowed areas determine 
spatial morphological differences. Visually, this is noticeable in 
the former areas of forest belts, which are illegally plowed up. 
Under conditions of post-agrogenic soil management, the color 
of the upper horizon of chernozems under forest belts does not 
directly affect physiological processes, but it is an important mor-
phological indicator of the content of organic matter, the course 
of physiological processes, and soil degradation.

In the system of soil research, the issue of anthropogenesis 
of chernozems has been explored in sufficient detail, while the 
features of the transformation of color characteristics require 
further study. These studies are relevant and necessary, since soil 
color is a kind of mirror reflection of genetic relationships with 
other properties (Gunal, 2008) and morphological traits. In addi-
tion, the formation of a digital database of color parameters will 
make it possible to quickly assess the ecological stability of the 
soil under the influence of various stressors, identify the areas of 
active color transformations, and effectively diagnose the repro-
duction and rehabilitation of soils in a crisis state. The results of 
a specific study of the color characteristics of chernozems com-
plement the remote sensing data. Due to the fact that the humus-
accumulative horizon of chernozems is the most sensitive to the 
impact of the external environment and most actively undergoes 
the transformation of natural morphological features, the data of 
quantitative monitoring of color parameters will make it possi-
ble to form a clear system of risks and individually determine the 
“harmfulness” limit of existing soil management technologies. 
As world practice shows, the data are widely used for the needs 
of precision farming, the introduction of agroforestry technolo-
gies and an adaptive landscape-ecological system of farming, as 
promising areas of rational soil management in the fight against 
climate change. In addition, a clear and accessible methodology 
for assessing color characteristics will quickly determine the 
quality state of the soil cover, especially at the level of assessment 
of agricultural land of both large and small farms.

The aim of the research is to determine the influence of the 
anthropogenic factor on the transformation of the color charac-

teristics of chernozems as the most productive soils for agricul-
ture and to identify degradation processes. 

2. Materials and methods 

The study of the color characteristics of chernozems was 
carried out on the experimental sites “Ruda” (Rd) and “Basivka” 
(Bs) laid within the Prydnisterska upland. The structure of the 
experimental sites includes arable land and areas of adjacent 
forest belts (Fig. 1). The relief is of the same type, represented by 
upland soils with adjacent slopes. Experimental sites are a clas-
sic example of agrocenoses inherent in plowed areas of cher-
nozems.

Soil sections are laid out in the form of a catena (Table 1). 
To determine the transformation of the color characteristics of 
chernozems under the influence of agrogenic degradation, sam-
ples were taken on arable land and under the adjacent forest 
belts. The tree stand of forest belts is represented by strip planta-
tions of common oak (Quercus robur L.), aged 55–60 years.

The selection of soil samples was carried out in the last 
third of october. 

Under laboratory conditions, pre-dried samples were 
ground and sieved through a sieve with a hole diameter of 
1 mm. In glass boxes, soil samples were moistened to a paste-like 
state, mixed to obtain a homogeneous mass, which was filled 
into a plastic cup with a diameter of 30 mm (depth 10 mm). In 
beakers, the samples were dried to an air-dry state. Before be-
ing placed on the scanner glass, some of the samples were mois-
tened to maximum saturation. This made it possible to obtain 
colorimetric data from dry and wet samples in a single scan (Ki-
rillova et al., 2017).

Colorimetric analysis of the solid phase of soil samples was 
carried out on the basis of scanning. An office scanner (CanoScan 
LiDE 70) was used to unify the process of graphic reproduction 
and reduce the influence of external light sources with сontact 
image sensor CIS (Contact Image Sensor) and light source 3-color 
(RGB) LED.

Scanning process control is implemented based on CanoS-
can Toolbox 5.0.1.2a. in color mode with an optical resolution 
of 300 dpi. The color correction of the obtained images was per-
formed in the target mode sRGB IEC61966-2.1. To determine the 
average RGB values, digital images were processed in the Irfan 
View graphic editor (Kirillova et al., 2018). This made it possi-
ble to obtain the initial quantitative data on the gradations of 
the RGB channels, which were later converted to the CIE (Inter-
nacionale Commission de l`éclairage) L*a*b* color system. The 
conversion of quantitative data from RGB to L*a*b* was carried 
out using the algorithm (Kirillova, 2018) available in the public 
domain in format (.xls). Determination of the color difference in-
dex ∆E2000 was carried out on the basis of the algorithm (Sharma 
et al., 2005) available in the public domain in format (.xls). The 
obtained parameters data L*, a* and b* were entered into corre-
sponding cells, the calculations of the final results were carried 
out automatically.

In studies of the color characteristics of chernozems, the 
CIE L*a*b* system is convenient because the value of the achro-
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Fig. 1. Location of study area 
and sampling sites

Experimental 
site

Soil 
profi le

Landform
Slope
(%)

Topography Parent material Land use Soil name

Basivka

Bs-1 upland 0 nearly level areas loess-like loam arable fi eld

Typical 
chernozem

Bs-2 slope 1 very gentle sloping loess-like loam arable fi eld

Bs-3 slope 5 gentle sloping loess-like loam arable fi eld

Bs-4 slope 9 moderate sloping loess-like loam arable fi eld

Bs-5 upland 0 nearly level areas loess-like loam forest belt

Ruda

Rd-1 upland 0 nearly level areas loess-like loam arable fi eld

Typical 
chernozem

Rd-2 slope 1 very gentle sloping loess-like loam arable fi eld

Rd-3 slope 4 gentle sloping loess-like loam arable fi eld

Rd-4 slope 7 moderate sloping loess-like loam arable fi eld

Rd-5 upland 0 nearly level areas loess-like loam forest belt

matic brightness parameter (L*) depends on the humus content 
and moisture content, the chromatic parameters of redness (a*) 
and yellowness (b*) indicate the concentration of mineral com-
ponent (Viscarra Rossel et al., 2006; Vodyanitskii and Kirillova, 
2016). In addition, the ranges of color differences are adapted 
to the visual assessment of observers, which facilitates the in-
terpretation of color perception (Mokrzycki and Tatol, 2012). In 
view of this, we used the data of the parameters L*, a* and b* as 
baseline data for general quantitative comparisons and estab-
lishing the index of color difference (∆Е2000) of soil samples.

For a comprehensive understanding of the problem of loss 
of natural color by chernozems, data on the content of humus are 

given (Table 2). The analysis of the humus content in the stud-
ied samples was carried out in accordance with the standards 
of Ukraine (National standards of Ukraine, 2004). The method 
consists in oxidation of soil organic matter with chromium mix-
ture during heating in a thermostat at a temperature of 150°C. 
Accurately, 0.2 g of soil sample was added in a 50 mL flask, ahd 
4.0 mL of K2Cr2O7. The resulting solutions were carefully poured 
into a cuvette with a translucent layer thickness of 10 mm and 
its optical density was measured on a spectrophotometer at 
a wavelength of 590 nm. According to the found values   of the 
optical density of the solution and the known proportion of car-
bon determined the humus content in the soil.

Table 1
Characteristics of soil 
sampling sites
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Table 2
Humus content in soil samples

Experimental 
site

Soil 
profi le

Genetic
horizon

Depth,
cm

Soil
sample

Humus
content
(%)

Basivka Bs-1 Нar 0–15 Bs-1а 3.47

Bs-2 Нar 0–15 Bs-2а 3.21

Bs-3 Нar 0–15 Bs-3а 2.42

Bs-4 Нar 0–15 Bs-4а 1.83

Bs-5 H 0–15 Bs-5a 4.24

Ruda Rd-1 Нar 0–15 Rd-1а 3.63

Rd-2 Нar 0–15 Rd-2а 3.32

Rd-3 Нar 0–15 Rd-3а 2.58

Rd-4 Нar 0–15 Rd-4а 2.05

Rd-5 H 0–15 Rd-5а 4.35

3. Results and discussion

Under laboratory conditions, visual analysis did not con-
firm color differences for all soil samples dry. The samples taken 
under forest belts and on slopes with a steepness of ≥ 4% con-
trasted most with each other. However, it should be noted that 
in the moistened state, the color differences of the mentioned 
soil samples somewhat decrease, but do not disappear. In the 
case of the visual comparison of moistened soil samples taken 
on arable land and under adjacent forest belts, almost no color 
differences are observed.

Within the color space of the CIE L*a*b* system, most dry 
samples of are represented by the achromatic component of col-
or, dominated by a dark tone. The exceptions are samples Bs-4a 
and Rd-4a, in which the maximum increase in the influence of 
the chromatic color components a* and b* is observed.

On the background of dry samples changes in the color pa-
rameters of the solid phase due to the light-absorbing properties 
of water form sharp contrasts. In particular, the color difference 
index data (∆E2000) quantitatively confirm the clear difference in 
the parameters L*, a* and b* in the CIE L* a* b* color space (Ta-

ble 3). Digital images of wet and dry samples are perceived as 
the dominance of two different colors. An increase in the param-
eter L* of dry samples indicates the absence of masking effect 
of water and the objective color parameters of the solid phase. 
Due to the decrease in humidity, the samples brighten and the 
pigmenting effect of the mineral component increases. We as-
sume, that the range of the b* index indicates the key role of 
loess loams in the pigmentation of typical chernozems on slopes 
with a steepness of ≥ 4%.

Given the scale and history of agricultural development of 
typical chernozems, the anthropogenic factor is key in chang-
ing the natural color. First of all, the destruction of the natural 
phytocenosis affected the balance of the intake of organic mat-
ter, and the constant mechanical impact and the manifestation 
of degradation processes enhance the spatial heterogeneity of 
color characteristics. In this context, we carried out a compre-
hensive analysis of the transformation of the color characteris-
tics of typical chernozems in two stages:
1. The first stage included the analysis of color differences in 

samples taken in an area with homogeneous geomorpho-
logical conditions, but with different characteristics of soil 
management and phytocenoses.

2. The second stage – with homogeneous features of soil man-
agement and phytocenosis, but with different hypsometric 
indicators of the surface.
In the first stage, samples were taken under forest belts and 

in the adjacent plowed areas. The quantitative data of the pa-
rameters (L*, a* and b*) of soil samples (Bs-5a and Rd-5a) taken 
as the standard. In order to avoid the impact of erosion process-
es, sampling was carried out on leveled upland areas of the re-
lief. For a quantitative comparison of colorimetric data, defined 
the smallest color differences (ΔE2000) (Table 4).

The obtained results indicate color differences that can 
only be recorded using hardware, because the color difference 
index is 0 < ΔE2000 < 2.2. In view of the quantitative data of the 
brightness parameter (L*) we can assert that even within homo-
geneous geomorphological conditions, in the absence of the in-
fluence of erosion, the agrogenic degradation of chernozems re-
flected in the color characteristics. In particular, this is observed 
when comparing the colorimetric data of dry samples. Similar 

Experimental 
site

Soil
sample

Wet samples Dry samples ΔE2000

L* a* b* L* a* b*

Basivka Bs-1a 19.3 10.1 –0.2 36 11 1.7 12.67

Bs-2a 19.9 10.5 –0.1 36.6 11.3 1.8 12.75

Bs-3a 21.6 11.2 0.6 39 12 3.1 13.65

Bs-4a 23.8 11.5 0.5 41.3 11.7 4.3 14.26

Bs-5a 18.5 9.8 –0.1 33.7 10.8 1.9 11.38

Ruda Rd-1a 18.6 10.1 –0.2 34.4 10.8 0.8 11.78

Rd-2a 19.2 10.3 –0.1 34.9 10.9 1.4 11.80

Rd-3a 20.7 11.2 0.7 36.8 10.8 2.3 12.34

Rd-4a 22.6 11.7 1.1 38.7 12 3.8 12.72

Rd-5a 17.3 10.0 –0.1 31.9 10.7 1 10.67

Table 3
Colorimetric data of dry and wet chernozem 
samples
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results were obtained in studies (Gorban et al., 2019) in which 
a corresponding trend is also observed.

In the second stage, sampling was carried out only within 
the arable land. The quantitative data of the parameters (L*, a* 
and b*) of soil samples (Bs-1a and Rd-1a) taken as the standard. 
To establish the color difference, the reference samples were 
alternately equated to the corresponding indicators of the sam-
ples taken on the slopes (Table 5).

The results of colorimetry indicate a clear spatial heteroge-
neity of the color characteristics of the arable horizon (0–15 cm). 
Against the background of standard color indicators of the flat 
areas, slope areas are distinguished by a dynamic process of 
loss of natural color. We assume that these changes are due to a 
decrease in humus content. In general, for all studied samples, 
a close inverse relationship between the total humus content 
and the brightness parameter (L*) was proved (Fig. 2). 

An increase in the brightness index (L*) indicates a decrease 
in the content of the main pigmenting substance – humus, which 
stains chernozems in dark colors. 

It should be noted that the maximum content of total hu-
mus was recorded precisely in the selected samples under forest 
belts, which, in turn, are characterized by the lowest brightness 
index (L*). The opposite effect is observed for slopes with steep-
ness ≥ 4%. With decreasing slope steepness, the color differences 
in the samples decrease and content humus growing.

Howeve r, in the general assessment of the variability of the 
color parameters of soil samples taken on the slopes, the influ-
ence of humidity should be taken into account.

In particular, when the corresponding samples are mois-
tened, the color difference index decreases due to the masking 
effect of water to the minimum values correlated with the total 
humus content. Quite the opposite effect is observed as a result 
of comparison of dry and wet samples, the maximum index of 
color difference of which increases to 68–74%.

Based on statistical data and visual analysis of digital imag-
es, it can be argued that an increase in the heterogeneity of color 
parameters leads to an increase in the contrast of the arable ho-
rizon in the horizontal direction. With an increase in the color 

Experimental 
site

Soil
sample

Wet samples Dry samples

L* a* b* ΔE2000 L* a* b* ΔE2000

Basivka Bs-5a 18.5 9.8 –0.1 0 33.7 10.8 1.9 0

Bs-1a 19.3 10.1 –0.2 0.61 36 11 1.7 1.90

Ruda Rd-5a 17.3 10.0 –0.1 0 31.9 10.7 1 0

Rd-1a 18.6 10.1 –0.2 0.89 34.4 10.8 0.8 2.02

Fig. 2. Correlation between the brightness parameter 
(L*) and the humus content (%) in soil samples (w – in 
the wet state; d – in the dry state)

y1 = –0.4313x + 11.928
R² = 0.947

y2 = –0.436x + 11.766
R² = 0.9792

y3 = –0.3198x + 14.97
R² = 0.9957

y4 = –0.3365x + 15.117
R² = 0.995
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Table 4
Comparison of colorimetric data of 
soil samples of forest belts and ar-
able land

Table 5
Comparison of colorimetric data of 
soil samples of arable land in flat 
and slope areas

Experimental 
site

Soil
sample

Wet samples Dry samples

L* a* b* ΔE2000 L* a* b* ΔE2000

Basivka Bs-1a 19.3 10.1 –0.2 0 36 11 1.7 0

Bs-2a 19.9 10.5 –0.1 0.55 36.6 11.3 1.8 0.57

Bs-3a 21.6 11.2 0.6 1.96 39 12 3.1 2.86

Bs-4a 23.8 11.5 0.5 3.43 41.3 11.7 4.3 5

Ruda Rd-1a 18.6 10.1 –0.2 0 34.4 10.8 0.8 0

Rd-2a 19.2 10.3 –0.1 0.45 34.9 10.9 1.1 0.62

Rd-3a 20.7 11.2 0.7 1.86 36.8 10.8 2.3 2.30

Rd-4a 22.6 11.7 1.1 3.25 38.7 12 3.8 4.35
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difference index of samples in a dry state 2 < ΔE2000 < 3.5, the het-
erogeneity of color characteristics is visually traced, which can 
be recorded by a non-specialist. The content of humus indicates 
that these areas are in an intermediate pre-crisis state, where 
degradation has not yet exceeded the “harmfulness limit”. How-
ever, with a color difference index of 3.5 < ∆E2000 < 5, the color 
characteristics of the samples clearly differ in dissimilar ach-
romatic and chromatic indicators, indicating the crisis state of 
the slopes and the active manifestation of the decolorization of 
chernozems. 

5. Conclusions

The conducted studies experimentally confirmed the effect 
of moisture and humus content on the change in the color char-
acteristics of chernozems (in the 0–15 cm layer). In the case of 
maximum moistening of soil samples, the color difference index 
indicates a decrease in the objectivity of the colorimetry results, 
which is associated with the masking effect of water. The iden-
tifying feature of the manifestation of decolorization of cher-
nozems is a change in the achromatic component of color, which 
are fixed due to an increase in the brightness index.

Analysis of the colorimetric data showed that the increase 
in the brightness index is observed not only in the soil samples 
taken on the slopes, but also in the samples taken on the uplands. 
This refutes our idea that chernozems undergo decolorization 
only on slopes, but the change in the natural color of upland 
chernozems is much smaller. The demonstrated correlation be-
tween the brightness index and the humus content indicates the 
possibility of using colorimetric data to assess the humus con-
tent at the macromorphological level.

The study of the color features of chernozems by direct 
scanning of soil samples using an office scanner makes it pos-
sible to identify the problem of their decolorization with a mini-
mum expenditure of resources and time. The value of this meth-
od is enhanced by the qualitative assessment of chernozems in: 
plowed areas with a heterogeneous topography, areas covered 
with woody vegetation, protected areas with undisturbed grass 
cover, where soil color is hidden from remote sensing.

References

Brown, P.E., O’Neal, A.M., 1923. The color of soils in relation to organic 
matter content. Research Bulletin (Iowa Agriculture and Home Eco-
nomics Experiment Station) 5(75), 275–300.

Dehtiar’ov, Y., Havva, D., Kovalzhy, N., Rieznik, S., 2021. Transforma-
tion of Physical Indicators of Soil Fertility in Typical Chernozem of 
the Eastern Forest-Steppe of Ukraine. In: Dmytruk Y., Dent D. (eds) 
Soils Under Stress. Springer, Cham. https://doi.org/10.1007/978-3-030-
68394-8_11 

Dokuchaev, V.V., 1949. Russian chernozem. Publishing house of the USSR 
Academy of Sciences, Leningrad. (in Russian)

Gorban, V.A., Khmelenko, O.V., Huslistyj, A.O., Tetiukha, O.G., 2019. Influ-
ence of forest vegetation on color, reflectivity and humus content in 
ordinary chernozems. Issues of steppe forestry and forest reclama-
tion of soils 48, 25–37. (in Ukrainian with English abstract) https://doi.
org/10.15421/441903 

Gunal, H., Ersahin, S., Yetgin, B., Kutlu, T., 2008. Use of Chromameter-
Measured Color Parameters in Estimating Color-Related Soil Vari-
ables. Communications in Soil Science and Plant Analysis 39(5), 
726–740. http://dx.doi.org/10.1080/00103620701879422 

Haskevych, V., 2017. Profile degradation of podzolic chernozem on the ter-
ritory of Male Polissia. Visnyk of the Lviv University, Geography 51, 
99–110. (in Ukrainian) http://dx.doi.org/10.30970/vgg.2017.51.8742 

Karavanova, E.I., 2003. Optical soils properties and their origin. MGU, 
Moscow. (in Russian)

Kirillova, N.P., 2018. Transformation of Scanned RGB Data to LAB (Step by 
Step). https://doi.org.10.13140/RG.2.2.35978.16322 

Kirillova, N.P., Sileva, T.M., Ul’yanova, T.Yu., Smirnova, I.E., Ul’yanova, 
A.S., Burova, E.K., 2018. Color Diagnostics of Soil Horizons (by the 
 Example of Soils from Moscow Region). Eurasian Soil Science 51(11), 
1363–1371. https://doi.org/10.1134/S1064229318110042 

Kirillova, N.P., Vodyanitskii, Y.N., Sileva, T.M., 2015. Conversion of soil 
color parameters from the Munsell system to the CIE-L* a* b* sys-
tem. Eurasian Soil Science 48(5), 468–475. https://doi.org/10.1134/
S1064229315050026 

Kirillova, N., Kemp, D., Artemyeva, Z., 2017. Colorimetric analysis of 
soil with flatbed scanners. European Journal of Soil Science 68(4), 
420–433. https://doi.org/10.1111/ejss.12442 

Kravchenko, Y.S., Tonkha, O.L., 2020. Morphogenesis of typical cher-
nozem and izogumusol under longterm tillage use. Plant and Soil 
Science 11(2), 39–49. (in Ukrainian with English abstract) https://doi.
org/10.31548/agr2020.02.039 

Krupenikov, I.A., 1978. Chernozem – is our wealth. Chisinau. (in Rus-
sian).

Krupenikov, I.A., 2008. Chernozems. Genesis, perfection, the tragedy of 
degradation, ways of protection and rebirth. Pontos, Chisinau. (in 
Russian)

Mieczyński, T., 1931. Krótki podręcznik gleboznawstwa: praktyczne pod-
ręczniki rolnictwa i nauk pokrewnych. Wydawnictwo Tow. Oświaty 
Rolniczej, Warszawa. (in Polish).

Mokrzycki, W.S., Tatol M., 2012. Colour difference ∆E – A survey. Machine 
GRAPHICS & VISION 20 (4), 383–411.

National standards of Ukraine, 2004. Soil quality. Methods for determina-
tion of organic matter (DSTU 4289). Kyiv. (in Ukrainian)

Nosko, B.S., 2006. Anthropogenic evolution of chernozems. NSC ISSAR, 
Kharkiv. (in Ukrainian)

Novykh, L.L., Chendev, Yu.G., 2014. Change in the morphological prop-
erties of chernozems in an agrosilvicultural landscape. Arid Ecosys-
tems 4(1), 6–10. https://doi.org/10.1134/S2079096114010065 

Pankova, T.I., 2020. Dynamics of the agroecological state of typical cher-
nozem under forest belts depending on the location in the relief 
(Kursk region, Russia). Environment and Human: Ecological Studies 
10(1), 40–62. (in Russian) https://doi.org/10.31862/2500-2961-2020-10-
1-40-62 

Pardon, P., Reubens, B., Reheul D., Mertens, J., De Frenne, P., Coussement, T., 
Janssens, P., Verheyen, K., 2017. Trees increase soil organic carbon 
and nutrient availability in temperate agroforestry systems. Agricul-
ture, Ecosystems & Environment 247, 98–111. https://doi.org/10.1016/
j.agee.2017.06.018

Pozniak, S.P., Havrysh, N.S., 2019. Soils in the memory of world nations. 
Polish Journal of Soil Science 52(1), 13–22. http://dx.doi.org/10.17951/
pjss.2019.52.1.13 

Sharma, G., Wu, W., Dalal, E., 2005. The CIEDE2000 color-di�erence for-
mula: implementation notes, supplementary test data, and math-
ematical observations. Color Research and Application 3, 21–30.

Viscarra Rossel, R.A., Minasny, B., Roudier, P., McBratney, A.B., 2006. Col-
our space models for soil science. Geoderma 133, 320–337. https://doi.
org/10.1016/j.geoderma.2005.07.017 

Vodyanitskii, Yu. N., Kirillova, N.P., 2016. Application of the CIE-L*a*b* 
System to Characterize Soil Color. Eurasian Soil Science 11, 1337–
1346. (in Russian) http://dx.doi.org/10.7868/s0032180x16110101



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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


