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Abstract

Gorban V., Huslystyi A., Recio Espejo J. M., Bilova N.: Prediction of SOC in Calcic Chernozem in the steppe zone of Ukraine using brightness and
colour indicators. Ekoldgia (Bratislava), Vol. 40, No. 4, p. 325-336, 2021.

Soil organic carbon (SOC) is an important component of any soil which determines many of its properties. Nowadays, more and more attention is
being paid to the SOC content determination in soils by not using the conventional, time-consuming and expensive technique, but by using colour
image processing of soil samples. In this case, even the camera of modern smartphones can be used as an image source, making this technique very
convenient and practical. However, it is important to maintain certain standardised conditions (light intensity, light incidence angle, etc.) when
capturing the images of soil samples. In our opinion, it is best to use a regular scanner for this purpose, with subsequent image processing by graphic
programs (e.g., Adobe Photoshop). To increase the reliability of the colour information obtained in this way, it is desired (if possible) to use a spec-
trograph or a monochromator in the subsequent calculation of reflection or brightness ratios. It is these two approaches that we have implemented
in our work. As a result of the experiment, the values of brightness ratios (at 480, 650 and 750 nm wavelengths and integral brightness ratio), colour
indicators (the hue, saturation and value [HSV], red, green and blue [RGB], CIE L*a*b* and cyan, magenta, yellow and key [CMYK] systems) and
SOC content in Calcic Chernozem samples of the steppe zone of Ukraine were obtained. Using correlation analysis of the dataset, the existence of
direct (r = 0.88-0.90) and inverse close relationships (r = —0.75-0.90) between SOC, values of brightness ratios and colour indicators of the soil sam-
ples were established. This allows us to develop predictive models. Statistical analysis showed that the models were significant when they were based
on the values of brightness ratios at 650 nm wavelength, integral brightness ratio, V indicator in HSV system, R, G and B indicators in RGB system,
C, M and K indicators in CMYK system and L* and b* indicators in L*a*b* system. The subsequent calculation of variation coefficients showed that
the largest variability was observed in SOC indicators (CV = 0.72) and slightly less variability in the K index of CMYK system and brightness ratio
values at 650 nm wavelength (CV = 0.67 and 0.53, respectively). Based on this, we believe that the models y = 0.0188 + 0.0535*x (x is the value of the
K index in CMYK system) and y = 5.0716 - 3.2255*1og10(x) (x is the value of brightness ratio at 650 nm wavelength) were the most statistically sig-
nificant and promising parameters for determining SOC content (y in these equations) in Calcic Chernozem samples of the steppe zone of Ukraine.

Key words: brightness ratio, HSV, RGB, CMYK, L*a*b*, model.

Introduction

Nowadays, the world is experiencing an intensification of nega-
tive phenomena (desertification, aridisation, soil degradation,
etc.) resulting in climate change (Borrelli et al., 2017; Li et al.,
2020; Ma et al., 2020; Olifir et al., 2020). One of the main reasons
for these processes is the global increase in ambient tempera-
ture as a result of an increase in greenhouse gas content in the
atmosphere (Crowther et al., 2016; Dalal et al., 2021; Nahirniak
et al., 2020).

As evidenced by studies (Lopez-Diaz et al., 2017; Pechanec et
al,, 2018), soils are the main depot where carbon is being stored.
In particular, the profile of ordinary Chernozems in the steppe
zone of Ukraine contains 116-319 t/ha of soil organic carbon

(SOG; Baliuk et al., 2017). Specifically, SOC plays a crucial role
in the global carbon cycle (Liang et al., 2017; Trigalet et al., 2016)
and is also fundamental for the exhibition of soil fertility and en-
suring its ecological functions by influencing its physical, chemi-
cal and biological properties (de Moraes S4 et al., 2018; Doetterl
etal., 2015).

Extreme climate events with multiple occurrences cause sig-
nificant changes in the state of ecosystems, which is accompanied
by their degradation (Horion et al., 2019) and a decrease in the
sequestration role; so, currently, there is a task to prevent human-
ity from crossing the critical border, beyond which global climate
change will lead to catastrophic irreversible consequences glob-
ally (Chazdon, Brancalion, 2019). Thus, an assessment of carbon
sequestration in different soils is required for the generation of
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Fig. 1. Location of sites within the territory of the National Park ‘Samarskiy Bir’ (Novomoskovskiy district, Dnipropetrovsk Oblast, Ukraine).

sustainable development strategies in which humanity will strive
to reduce the carbon content in the atmosphere by depositing
it in the soils worldwide, which will help mitigate the effects of
climate change (Rodriguez Martin et al., 2016).

Currently, the methods for soil properties assessment which can
be applied on a large scale and in a short time are of particular im-
portance. These requirements correspond to the methods for deter-
mining soil brightness and colour, results of which (after appropriate
statistical processing) should be used for carbon content estimation
in the soil (Fu et al., 2020; Gholizadeh et al., 2020). The soil colour
can reflect its physical, chemical and biological properties and pro-
cesses (Liu et al., 2020). It should be noted that the widely used Mun-
sell colour chart has limited possibilities for assessing the soil colour
due to its significant subjectivity. So, to perform a more objective
determination of colour indicators, it is preferable to use diffuse re-
flectance spectroscopy (Torrent, Barrén, 2015) or a digital camera to
subsequently determine the corresponding indicators in red, green
and blue (RGB) system (Han et al., 2016; Kirillova et al., 2018; Levin
et al,, 2005). Moritsuka et al. (2014) noted the possibility of using
CIE L*a*b* soil colour indicators to estimate the carbon, nitrogen
and iron content in the topsoil. Studies conducted by Giinal et al.
(2007) and Liles et al. (2013) evidenced a relationship between the
organic matter content and the saturation values of the L* soil col-
our, which is determined in the CIE L*a*b* system. Aitkenhead et al.
(2013) found that the content of organic matter, nitrogen, calcium,
titanium and molybdenum can be accurately predicted by colour
using only the values of red, green and blue from the RGB system or
L*, a* and b* from the CIE L*a*b* system. The results presented by
Séanchez-Marafion et al. (2004) confirm the relationship between the
saturation of the L* soil colour in CIE L*a*b* system and SOC con-
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tent. Thus, colour indicators obtained in CIE L*a*b* system or RGB
system are most often used to characterise the soil properties. The
results of the study of soil brightness act as indicators that increase
the reliability of the interpretation of data obtained in the study of
soil colour indicators (Costa et al., 2020).

The purpose of our work is to study the feasibility of using
brightness and colour indicators to estimate the SOC content in
Calcic Chernozems of the steppe zone of Ukraine.

Material and methods
Site characteristics

Studies of colour parameters, reflectivity and carbon content in
Calcic Chernozems were carried out on the territory of the Na-
tional Park ‘Samarskiy Bir’ (Fig. 1) located in the southeastern
part of the steppe zone of Ukraine (Novomoskovskiy district,
Dnipropetrovsk Oblast, Ukraine).

Detailed descriptions of the sample plots and soil sections
were presented in the works of Yakovenko (2017) and Gorban et
al. (2020). Below, we give a brief description of the objects being
studied using the mentioned works.

Site 1 was located within the virgin steppe land of a watershed
plateau (48°45°36.9”N, 35°27°40.5”E). The herbaceous vegetative
cover is closed, consisting of Festuca valesiaca Schleich. ex Gaudin,
Koeleria macrantha (Ledeb.) Schult., Thymus marschallianus Willd.,
Linum hirsutum L., Salvia nemorosa L., Artemisia austriaca Jacq. and
other herbaceous plant species. Soil profile description: A, (0-7 cm),
A, (7-26 cm), Bk, (2642 cm), Bk, (42-57 cm), Ck (57-120 cm+).
The soil is Calcic Chernozem (IUSS, 2005).



Site 2 waslocated on the steppe virgin land; the area was repre-
sented by south-facing 3° slope (48°47°16.28”N, 35°27°17.17"E).
The grass cover comprises Festuca valesiaca Goud. s.1., Poa angus-
tifolia L., Elytrigia repens (L.) Nevski, Poa nemoralis L., Lathyrus
tuberosus L., Achillea millefolium L., Euphorbia vigrata Waldst. et
Kit., Thymus marschallianus Willd., Linum hirsutum L., Agrimo-
nia eupatoria L., Medicago romanica Prod., Melica transsilvanica
Schur and Salvia nemorosa L. Soil profile description: Ak (0-6
cm), Bk, (6-27 cm), Bk2 (27-40 cm), Ck (40-120 cm+). The soil
is Calcic Chernozem.

Site 3 was located on the steppe virgin land; the area was rep-
resented by north-facing 8° slope (48°47°14.93”N, 35°27°10.59”E).
The vegetation cover contains Prunus angustifolia L., Elymus re-
pens (L.) Nevski, Achillea millefolium L., Salvia nemorosa L., Ar-
temisia absinthium L., Euphorbia vigrata Waldst. et Kit., Galium
aparine L., Viola odorata L., Lathyrus tuberosus L. and Convolvus
arvensis L. Soil profile description: Ak, (0-8 cm), Ak, (8-23 cm),
Bk, (23-51 cm), Bk, (51-80 cm), Ck (80-120 cm+). The soil is
Calcic Chernozem (IUSS, 2005).

Site 4 was laid on the watershed plateau (48°45'27.6”N,
35°29’33.4”E). Forest stands were represented by Robinia pseu-
doacacia L., aged about 60 years. Elymus repens L., Prunus an-
gustifolia L. and Chelidonium majus L. predominate in the herba-
ceous cover, with a total coverage of about 60%-70%. Soil profile
description: A (0-14 c¢m), B (14-34 cm), Bk (34-56 cm), Ck
(56-120 cm+). The soil is Calcic Chernozem.

Site 5 was located on a watershed plateau next to Site 4
(48°45°27.0”N, 35°30°09.5”E). Forest stand is represented by
Quercus robur L., aged about 60 years. In the herbaceous cover,
Elymus repens L., Verbascum lychnitis L., Salvia verticillata L.
and Ajuga genevensis L. predominate, with a total coverage of
about 20%-25%. Soil profile description: A, (0-9 cm), A, (9-42
cm), Bk, (42-62 cm), Bk, (62-81 cm), Ck (81-120 cm+). The soil
is Calcic Chernozem (IUSS, 2005).

A detailed description of the physical, chemical and micro-
morphological properties of the Calcic Chernozem studied in the
steppe zone of Ukraine was presented in our previous works (Bilo-
va, Travleev, 1999; Bozhko, Bilova, 2020; Gorban, 2019; Gorban,
Boloban, 2019; Gorban et al., 2020; Recio Espejo et al., 2020, etc.).

Sample procedures

About 1 kg of composite sample soil was collected at each of the
five sites in the summer of 2016. Samples were taken from the
middle of each genetic horizon. The selected soil samples were
then used to determine the colour parameters, reflectivity and
carbon content in the laboratory settings.

Laboratory analyses

Field description of soil profiles was carried out according to the
guidelines for soil description (2006). The classification posi-
tion of the studied soils was determined as per the International
Union of Soil Sciences Working Group on the World Reference
Base 2015. The classification position of the studied soils was
determined as per the TUSS Working Group WRB 2015. For
laboratory studies, air-dried soil samples were used.

The brightness was determined using a monochromator
within the range of wavelength 400-750 nm by determining the
spectral brightness ratios reflected as the percentage ratio of the
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brightness of the object studied to the brightness of a white sur-
face (reference). The source of the radiation was a halogen lamp.
For the study, a soil fraction of 0.5-1.0 @ mm was used. The
sample was placed in a quartz cuvette 35x17x5 mm. Analytically
pure magnesium oxide was used as a reference. The reflectivity
was measured in 5-nm increments averaging over three values at
each point for each wavelength value. The obtained reflectivity
values at certain wavelengths were used to plot a diagram with
OriginPro 9.1 software to calculate the values of the brightness
ratios at 480, 650 and 750 nm wavelengths, as well as the integral
brightness ratio according to the principle described in Orlov et
al. (2001).

Determination of the soil colour was performed using a
scanner. For scanning, soil samples used were previously mois-
tened to a pasty state, mixed, placed in special rounded moulds
with a size of approximately 25x25 mm and dried on the glass to
an air-dry state. Part of the sample was moistened before placing
it on the scanner glass. This allowed measuring the characteris-
tics of dry and wet samples in a single run (Gorban et al., 2019).
In the subsequent analysis of the captured image, Adobe Photo-
shop eyedropper tool (5x5 pixels) with 300 pixels resolution was
applied; it allows obtaining a range of colour characteristics of
the object in hue, saturation and value (HSV), RGB, CIE L*a*b*
and cyan, magenta, yellow and key (CMYK) colour models com-
monly used in soil colour characterisation (Simoén et al., 2020).

Organic carbon in the soil was determined by the oxidimet-
ric method. Soil organic matter was oxidised by a solution of po-
tassium dichromate (K,Cr,0,) at a temperature of 140°C-150°C,
followed by quantitative determination of the portion that was
unreacted with Mohr’s salt ((NH,),SO,FeSO,-6H,0) (Carter,
Gregorich, 2008).

Statistical analysis

Data analysis was performed in Statistica 12.0 package (StatSoft
Inc., USA) and the Analysis ToolPak in Microsoft Excel (Micro-
soft Corporation). The model predictive ability and stability were
evaluated by comparing R* (the coefficient of determination) and
root mean square error (RMSE). R* indicator was used to test the
stability, and RMSE indicator was used to test the predictive ability
of the model (Fu et al., 2020). The ideal model should have a high
R* and a low RMSE, indicating that the model is more stable and
accurate (Wu et al., 2017). RMSE can be expressed as follows:

Z (50Mpre — 50Mpneg)’ (1)

RMSE =

.\i'=l

where SOM__ is the predicted SOM, SOM__ is the measured
SOM and n is the sample number. Performance of the model
was estimated by the coefficient of determination (R?), the RMSE
(equation 1) and the ratio of performance to deviation (RPD;
equation 2).
5D
RPD = moisE 2)

where SD is the standard deviation of the measured SOM val-
ues. In the study, we followed the RPD classification proposed
by Chang and Laird (2002). Models having RPD >2 were consid-
ered to be good quantitative models.
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Fig. 2. The brightness ratio of Calcic Chernozem samples at 480 nm wavelength.
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Fig. 3. The brightness ratio of Calcic Chernozem samples at 750 nm wavelength.

Results

The brightness of the studied soils

Orlov et al. (2001) noted that the values of brightness ratio at 480,
650 and 750 nm wavelengths, as well as the integral brightness
ratio are most often used to characterise the soil organic matter
content. Since this is exactly the goal in our work, we also used
these brightness ratios.

328

Analysis of the brightness coefficient values of Calcic Cher-
nozem samples of Site 1 at 480 nm wavelength showed that the
sample taken from the A horizon (8.07) had the lowest value. In
the samples taken from A, and Bkl horizons, a gradual increase
in the brightness ratio value was observed, and from the sample
taken from Bk, horizon, this increase was sharp; the maximum
value (23.89) was reached in the sample taken from Ck horizon.
A similar pattern of changes in the coefficient values was ob-
served for the soil samples taken from other sample sites (Fig. 2).
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Fig. 4. The V index (HSV system) of Calcic Chernozem samples.
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Fig. 5. Values of the R index (RGB system) of Calcic Chernozem samples.

However, under conditions of sites 2, 3 and 5, a decrease in
the brightness ratio was observed in the soil samples taken from
the second horizon compared to the ones from the first hori-
zon. This can be explained by significant enrichment of the first
horizons with the root residues mainly removed from the soil
sample during its preparation for laboratory analysis, but even
their insignificant content can significantly increase the bright-
ness values of the samples taken from the first horizons of the
studied soils.

The results of determining the brightness ratio of Calcic
Chernozem samples of Site 1 at 650 nm wavelength revealed that
its minimum values were characteristic of the sample taken from
the A horizon (9.57). With increasing depth, an increase in the
values of the brightness ratio was observed; moreover, from the
Bk, horizon, it was sharp. The Calcic Chernozem samples taken
from other sample sites were characterised by similar features of
changes in brightness ratio values with depth, but the samples
from the second horizons of sites 3 and 5 were different in lower
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Fig. 6. Values of the L* index (L*a*b* system) of Calcic Chernozem samples.
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Fig. 7. Values of the C index (CMYK system) of Calcic Chernozem samples.

brightness ratio values compared to the samples from the first
ones.

Changes in the brightness ratio at 750 nm wavelength (Fig.
3) and the integral brightness ratio of Calcic Chernozem samples
were similar. Minimum values of these coeflicients were typical
for samples of the upper horizons, and their increase with depth
was observed. In this case, the Calcic Chernozem sample from
the A, horizon of Site 5 was characterised by smaller values of
these ratios compared to the sample from the A, horizon.
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Colour indicators of the studied soils

Currently, many researchers noted significant subjectivity of the
Munsell colour chart application in determining the soil colour
(Kirillova et al., 2018; Ramos et al., 2020). Standardised use of a
variety of methods and sensors is becoming increasingly com-
mon for this purpose (Swetha, Chakraborty, 2021; Taneja et al,,
2021). In our opinion, one of these methods is the colour deter-
mination in the soil sample using a conventional scanner. This
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Fig. 8. SOC content in Calcic Chernozem samples.

method provides fast acquisition of a large dataset under stand-
ardised conditions (Gorban et al., 2019).

Analysis of the colour characteristics of soil samples in the
HSV model showed that the lowest values of H (hue), S (satura-
tion) and V (value) were typical for the samples taken from the
two upper horizons. The soil sample taken from the Bk, horizon
of the sample site differed in smaller H and S values compared to
the sample from the A, horizon, and sample from the A, horizon
also differed in smaller V values (Fig. 4) than the sample taken
from A1 horizon. In Site 2, the sample taken from the Bk1 hori-
zon differed in smaller S and V values compared to the sample
taken from the Ak horizon. In Site 5, the sample taken from the
A, horizon differed in smaller H and S values than the sample
taken from the A1 horizon. In other cases, a decrease in the H, S
and V values was observed with an increase in sampling depth.

Analysis of the colour characteristics of soil samples in the
RGB system established that the lowest values of the R (red), G
(green) and B (blue) indexes were mainly typical for the samples
taken from the first upper horizons. However, the sample from
the A, horizon of Site 1 differed in smaller values of the R, G and
B indexes (88, 76 and 65, respectively) compared to those of a
sample taken from the A horizon (92, 79 and 70, respectively).
The same feature was observed for samples from Site 2: the sam-
ple taken from the Bk, horizon differed in smaller values of the
R, G and B indexes than the values of the sample taken from the
Ak horizon. The sample taken from the A, horizon of Site 5 was
characterised by lower values of the R and G indexes compared
to the sample from the A, horizon (Fig. 5).

The L* index (lightness) was the most informative indicator
among the indicators of the L*a*b* system. In general, Calcic
Chernozem samples taken from deeper horizons correspond
to higher values of the L* index (Fig. 6). However, the samples
taken from the A, horizon of Site 1, Bk, horizon of Site 2 and A,
horizon of Site 3 differed by showing lower values of the L* index

compared to the samples taken from the overlying horizons of
the corresponding sites.

In the CMYK system, C (cyan), M (magenta) and K (key)
colour indicators most accurately reflect the features of colour
changes in soil samples; values of the indicators gradually de-
creased with depth (Fig. 7). At the same time, the values of the
Y (yellow) indicator of the soil samples changed slightly and
were within the range of 60-67. At the same time, the sample
taken from the Bk2 horizon of Site 2 differed in large values
of the C, M and K indicators (46, 52 and 33%, respectively)
compared to the sample of Ak horizon (44, 51 and 27%, re-
spectively).

SOC content in the studied soils

Soil is a major pool of organic carbon (Fontaine et al., 2007),
which strongly interacts with atmospheric composition, climate
and land cover change. So, the ability to predict and mitigate the
global change effects depends on understanding the SOC dis-
tribution and control in soil (Jobbagy, Jackson, 2000; Rodriguez
Martin et al., 2016). Based on this, currently, monitoring of SOC
content in the soil is an urgent global task on which the subse-
quent development of global climate changes caused by an in-
crease in the content of atmospheric greenhouse gases depends.

As a result of the analyses performed, it was observed that
the maximum SOC content (2.65%) was found in the A horizon
of Site 1 (Fig. 8). A sharp decrease in SOC content was observed
with increasing depth, and its content in the Ck horizon was
only 0.25%. The highest SOC in the soil of Site 2 was found in
the Ak and Bk, horizons (1.93 and 1.84%, respectively). In the
soils of sites 3 and 5, the highest SOC content was also associated
with the two upper (topsoil) horizons. A horizon of Site 4 was
characterised by a significantly higher SOC compared to other
horizons.

331



Ekol6gia (Bratislava) 2021: 40(4): 325-336

Table 1. Correlation coefficients between SOC content, the values of brightness ratio and colour indicators in the investigated soil samples

of Calcic Chernozem.

SOC | p480 | p650 | p750 | p= | H,° |S$,% |V,% | R | G | B | L | a | b |C% | M%| Y% K%
SOC | 1.00
p480 | —0.79] 1.00
p650 | —0.87| 0.98 | 1.00
p750 | —0.86] 0.97 | 0.99 | 1.00
pX  |-0.86] 098 | 1.00 | 0.99 | 1.00
H,° |-075]0.79 | 0.79 | 0.78 | 0.80 | 1.00
S,% |—0.80] 0.65 | 0.76 | 0.76 | 0.74 | 0.70 | 1.00
V,% |-0.90] 0.83 | 0.91 | 0.89 | 0.91 | 0.81 | 0.84 | 1.00
R |-090] 0.83 ] 091|089 | 091081084100/ 1.00
G |-090] 085092090 | 092083081100 1.00| 1.00
B |-088] 084|091 088|091 ]082] 076|099 | 099 | 1.00] 1.00
L*  |-090] 0.84 | 091 | 0.89 | 0.92 | 0.84 | 0.82 | 1.00 | 1.00 | 1.00 | 0.99 | 1.00
a*  |-059] 038 | 053 | 054 | 050 | 0.28 | 0.82 | 0.68 | 0.68 | 0.63 | 0.58 | 0.63 | 1.00
bt |-089] 078 | 088 | 0.87 | 0.87 | 0.82 ] 093 | 098 | 098 | 0.97 | 0.94 | 097 | 0.74 | 1.00
C,% | 088 |-077]/-087]-0.86|-0.86|-0.73]-0.93]-0.97]-0.97|-0.95|-0.92]-0.95 —0.81]-0.98| 1.00
M,% | 0.88 |-0.86]-0.92/-0.89]-0.93]-0.86|-0.77]-0.98|-0.98|-0.99| -0.99]-0.99] -0.55| -0.94| 0.92 | 1.00
Y, % | 034 |-0.41|-0.44]-0.38]—-0.46]-0.10|-0.02|-0.46 | —0.46 | —0.48| —0.54 | -0.46 | -0.20 | -0.29| 0.36 | 0.50 | 1.00
K,% | 0.90 |-0.85/-0.91|-0.90|-0.92|-0.85|—-0.81]-0.99|-0.99|-1.00| -0.99]| -1.00| -0.61|-0.96 | 0.94 | 0.99 | 0.44 | 1.00

Note: The noted correlations were significant at the level p < 0.05000, n = 23.

Relationship between brightness, colour parameters
and SOC in the studied soils

Currently, many researchers have shown the ability to deter-
mine the SOC content in the soil, not in a conventional, time-
consuming and expensive way, but by using the information on
the brightness and colour of soil samples, taking into account the
existing relationships between the data on soil characteristics (Fu
et al., 2020; Morellos et al., 2016; Zhou et al., 2020).

To determine the existing relationships between the SOC
content in soil samples, their brightness and colour characteris-
tics, we performed a correlation analysis of the obtained dataset,
the results of which are presented in Table 1.

The data analysis showed a close inverse relationship between
the SOC content in soil samples and the values of the brightness
ratios at 480, 650 and 750 nm wavelengths, integral brightness
ratio, the H, S and V indicators (HSV system), the R, G and B
indicators (RGB system) and the C and Y indicators (CMYK
system). A direct close relationship was found between the SOC
content in soil samples and the values of the L* and b* indicators
(L*a*b* system) and the K indicator (CMYK system). Based on
the data obtained, it can be assumed that almost all the indicators
that were considered above in the work can be used to model the
SOC content in soil samples.

The results of modelling based on regression analysis are
presented in Table 2. Taking into account information about the
parameters of the models (R?>, RMSE, RPD) characterised in the
works of Wu et al. (2017) and Fu et al. (2020), we can conclude
that the models with the following parameters are successful: R* >
0.75; RMSE < 0.50; RPD > 2.00. In our case, models for SOC con-
tent determination in soil samples are statistically reliable based
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on the use of brightness ratios with 650 and 750 nm wavelengths,
integral brightness ratio, the V indicator (HSV system), the R,
G and B indicators (RGB system), the C, M and K indicators
(CMYK system) and the L* and b* indicators (L*a*b*system).

Additionally, coefficients of variation (CVs) of the SOC con-
tent values in the soil samples and their brightness values and
colour characteristics were calculated. As a result, it turned out
that the highest CV was characteristic of the SOC content values
(CV =0.72). A slightly lower CV was found in the K index values
(CMYK system), brightness ratio at 650 nm wavelength, integral
brightness ratio and brightness ratio at 750 nm wavelength (CV
values were 0.67, 0.53, 0.50 and 0.46, respectively). For this rea-
son, the K index values (Fig. 9a) and brightness ratio at 650 nm
wavelength (Fig. 9b) give the best fit to predict the SOC content
in Calcic Chernozem samples.

Discussion

The Calcic Chernozem samples taken from the upper horizons
of all sample sites were characterised by lower values of the
brightness ratio (at 480, 650 and 750 nm wavelengths and inte-
gral brightness ratio) compared to the samples taken from the
lower horizons. At the same time, the samples taken from the Bk,
and Ck lower horizons of sites 1, 2, 3 and 5 were characterised
by a sharp increase in brightness ratio values compared to the
samples taken from the deeper horizons, which may indicate a
sharp SOC content decrease in the samples from these horizons.
The samples taken from Site 4 were characterised by a gradual
increase in brightness ratio values with depth, that is, it can be
assumed that SOC gradually decreased in this soil from A to Ck
horizon.
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Table 2. Modelling of the SOC content (%) in Calcic Chernozem based on brightness and colour indicators (y - SOC content; x — colour

brightness indicator).

Indicator (x) Equation R? RMSE RPD
p480 y =2.5597 - 0.1141*x 0.62 0.50 1.65
p650 y =5.0716 - 3.2255*log10(x) 0.81 0.35 2.33
p750 y =4.0819 - 0.1826*x + 0.0021*x* 0.83 0.33 2.48
pX y = 3.7807 - 0.2471*x + 0.0043*x* 0.81 0.35 2.33
H,° y =-1.7918 + 0.3707*x - 0.0089*x* 0.64 0.48 1.69
S, % y =4.838 - 0.1433*x 0.64 0.48 1.72
V, % y =4.052 - 0.0616*x 0.82 0.34 2.40
R y = 4.0444 - 0.0241*x 0.81 0.35 2.34
G y =4.0984 - 0.0281*x 0.81 0.35 2.33
B y =4.7328 - 0.0407*x 0.78 0.38 2.18
L* y = 4.1502 - 0.0653*x 0.81 0.35 2.37
ar y=3.1119 - 0.2978*x 0.34 0.65 1.26
b* y =2.9586 - 0.133*x 0.80 0.36 2.27
C, % y =-3.6248 + 0.1197*x 0.77 0.39 2.13
M, % y =-4.6284 + 0.1189*x 0.78 0.38 2.16
Y, % y =-4.9731 + 0.0933*x 0.12 0.75 1.09
K, % y = 0.0188 + 0.0535*x 0.82 0.34 2.40

The values of the HSV system parameters of the studied Cal-
cic Chernozem samples increased with increasing depth of their
sampling. At the same time, a sharp increase in the values of the
H and V indicators in the samples taken from the lower Bk,and
Ck horizons was observed in sites 1, 2, 3 and 5, as well as in
the samples taken from Bk and Ck horizons of Site 4. This may
indicate a sharp decrease in SOC content of the samples taken
from the lower horizons of all the studied soils. In terms of the
H value, the samples of the two upper horizons of all the sample
sites practically did not differ from each other.

A significant increase in the values of the RGB and L*a*b* sys-
tems was also typical for the samples taken from the lower horizons
of all sample sites; it may indicate that these parameters can be used
for SOC content identification in the samples of Calcic Chernozem.

Values of the C, M and Y indicators of the CMYK system
obtained for samples taken from the two upper horizons of all
the sample sites had much in common with each other. In gen-
eral, the samples taken from the upper horizons differed in large
values of the indicators of this system in comparison with the
samples taken from the lower horizons.

The maximum SOC content was found in the samples taken
from the upper horizons of all the studied soils. The samples tak-
en from the lower horizons of sites 1, 2, 3 and 5 were character-
ised by a sharp decrease in the SOC content compared to the up-
per horizons. In samples of Site 4, a gradual decrease in the SOC
content was observed with an increase in the depth of sampling.

Correlation analysis of the obtained result dataset showed di-
rect and inverse close relationships between the values of bright-
ness ratio, colour indicators and SOC content in the studied
Calcic Chernozem samples. This became the rationale for the
creation of models, the use of which will help in the calculation
of SOC content in Calcic Chernozem samples from the values of
brightness ratio and colour indicators.

Analysis of the obtained models showed a possibil-
ity of using the brightness ratio values at 650 nm (y = 5.0716
- 3.2255xlogl0(x)) and 750 nm (y = 4.0819 - 0.1826xx +
0.0021xx*) wavelengths, integral brightness ratio (y = 3.7807 -
0.2471xx + 0.0043xx?), the V indicator of the HSV system (y =
4.052 - 0.0616xx), the R, G and B indicators of the RGB system
(y = 4.0444 - 0.0241xx, y = 4.0984 - 0.0281xx and y = 4.7328 -
0.0407xx, respectively), the C, M and K indicators of the CMYK
system (y = —3.6248 + 0.1197xx, y = -4.6284 + 0.1189xx and y
= 0.0188 + 0.0535xx, respectively) and the L* and b* indicators
of the L*a*b* system (y = 4.1502 - 0.0653xx and y = 2.9586 -
0.133xx, respectively). In all the models presented, x is the value
of the corresponding brightness ratio or colour indicator and y
is SOC content. All models were characterised by R? values from
0.75 to 0.83, RMSE from 0.33 to 0.39 and RPD from 2.13 to 2.48,
which indicates the possibility of their practical application.

Calculation of CVs of all the studied characteristics showed
that the largest variability was characteristic of SOC content in
the samples. Among the brightness ratio and colour indicators,
the largest variability was characteristic of the K index values
of the CMYK system and the brightness ratio values at 650 nm
wavelength. Therefore, these two characteristics are best suited
for calculating SOC content in Calcic Chernozem samples.

Conclusion

The samples taken from the upper horizons of Calcic Chernozem
under study were characterised by lower values of brightness ra-
tio at 480, 650 and 750 nm wavelengths as well as integral bright-
ness ratio than the values of the lower horizons. At the same time,
a sharp increase in these indicators was typical for the samples
taken from the lower Bk,and Ck soil horizons of sites 1, 2, 3 and
5. In general, a similar distribution of the values of the colour
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Fig. 9. Diagram of SOC content in Calcic Chernozem samples, dependent on the K index value of the CMYK system (a) and on the bright-

ness ratio value at 650 nm wavelength (b).

indicators of the HSV, RGB and L*a*b* systems was found for
all the studied soil samples. The samples taken from the upper
horizons of all the studied soils were characterised by increased
CMYK system indicators in comparison with the samples from
the lower horizons. SOC content analysis in the studied samples
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showed its significant accumulation in the upper soil horizons
with a sharp decrease in its content with depth. The correlation
analysis performed showed direct and inverse close relationships
between the studied indicators, which made it possible to de-
velop the models for SOC calculation in soil samples using the



values of brightness ratio and colour indicators. As a result, it
was found that the models using values of brightness ratio at 650
nm wavelength, integral brightness ratio, the V indicator of the
HSV system, the R, G and B indicators of the RGB system, the
C, M and K indicators of the CMYK system and the L* and b*
indicators of the L*a*b* system (x is the value of the correspond-
ing brightness ratio or colour indicator, y is SOC content) were
statistically significant. The calculation of CVs showed that the
largest variability was observed in SOC content indicators; it was
slightly less in the K index of the CMYK system and the bright-
ness ratio index at 650 nm wavelength. That is why, we believe
that the models y = 0.0188 + 0.0535xx (x is the value of the K
index of the CMYK system) and y = 5.0716 - 3.2255x1og10(x) (x
is the value of the brightness ratio at 650 nm wavelength) were
the most promising for SOC content determination (y in these
equations) in Calcic Chernozem samples of the steppe zone of
Ukraine.
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