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1. Introduction

It is generally known that the transformation of the
world land resources as a result of anthropogenic influence
and as a result of significant climate changes requires reli-
able information about the course of quantitative and quali-
tative changes in the indicators of soil fertility.

In this aspect, it is rather important for the researchers
to be able to monitor changes in the individual indicators
over the short and long-term perspectives. In addition, it
appears interesting for the scientific community and state
fiscal authorities to obtain access to information on the
ways to control changing indicators of the agroecological
condition of soils.

Important in this case is the timeliness of obtaining and
the possibility to update remotely identified data. In the
course of conducting monitoring studies of soil cover, the
methods of Earth remote sensing (ERS) are considered to be
quite effective at present, which are used under conditions of
different soil-climatic zones of Ukraine.

With regard to the aforementioned, obtaining objective
information about the condition, spatial distribution, effi-
cient ways to use soils under conditions of strengthening

|DOI: 10.15587/1729-4061.2017.91251|

THE USE OF SPECTRUM-
ZONAL IMAGES BY
LANDSAT 7 ETM+ FOR
DIAGNOSING SOIL
CHARACTERISTICS OF
UKRAINIAN POLISSYA

P. Trofimenko

PhD, Associate Professor*

E-mail: trofimenkopetr@ukr.net

O. Zubova

Postgraduate Student, Assistant *

E-mail: olenalis@ukr.net

N. Trofimenko

PhD, Associate Professor*

E-mail: NVtrofimenkonv@rambler.ru

I. Karas

PhD, Associate Professor*

E-mail: iraver@ukr.net

F. Borysov

PhD, Associate Professor

Department of Electrification, Automation of
Production and Engineering Ecology**
E-mail: borysovaa@gmail.com

*Department of Geodesy and Land Survey**
**Zhytomyr National Agroecological University
Staryi blvd., 7, Zhytomyr, Ukraine, 10008

degradation processes, require further study. In this case,
improvement and development of new effective and cheap
methods for the remote diagnosis of soil cover acquire special
importance.

In this aspect, an algorithm for remote identification
of indicators of the properties of the podzolized soils in the
transition zone of Central Polissya in Ukraine under condi-
tions of complicated screening by vegetation needs further
study and improvement. An examination of the peculiarities
of remote sensing of soils, which undergo periodic excessive
humectation and have, accordingly, attained a certain degree
of hydromorphicity, appears to be particularly interesting.

Still not sufficiently explored up to now is the need and
scale of the utilization of materials on massive soil surveys
over previous years, which to a large degree are morally
and physically obsolete, during current soil examination.
Undoubtedly, conducting such a survey of the territory of
Ukraine has to implemented based on the new scientific and
technical basis, which requires proper substantiation.

The approaches to the number and distribution of iden-
tification points for selecting soil samples, depending on the
structure of soil cover and the type of common soils, have
not been fully examined. The latter is especially important




in the context of a prospect for further interpolation and
extrapolation.

In addition, the relevance of the conducted studies is
in the need for development of technologies that combine
using geoinformation technologies and methods for remote
sensing of qualitative characteristics of soils. In this case,
it is important to devise a complete algorithm for remote
identification of qualitative parameters of soils, which should
include establishing dependences, their assessment and the
construction of schematic maps (maps). In this case, the role
of effective tools in the form of functional software is hard
to overestimate.

2. Literature review and problem statement

The issues of applying the multispectral satellite images
for the purpose of determining the magnitudes of character-
istics of soils were addressed by a number of scientists who
in their research diagnosed their different qualitative attri-
butes. Among the indicators of soil properties, the following
ones were identified: xeromorphic coefficient [1], the content
of physical clay, humus [2], the content of humus [3], a degree
of gleization and erodibility of soils [4], granulometric com-
position and humus content [5], the content of iron, humus,
granulometric composition [6], salinity [7] and many other
indicators.

According to the assertions of some of them [1, 8], the es-
tablished coefficients of correlation of the regression models
cannot provide for determining qualitative characteristics of
soils by the obtained models with the accuracy, which would
equal traditional determining techniques. In their opinion,
we can talk only about the accuracy of aligning the parame-
ters of the examined sample with a certain existing interval
of reliable values. According to [9, 10], soil as an object of
modeling is a sophisticated multifunctional, dynamic, com-
plex system that requires studying in the scale that enables
observing permissible limits for finding an indicator of soil,
which is diagnosed by means of ERS.

A limitation of using aerospace methods due to weather
conditions and soil screening by vegetation is highlighted
in papers [2, 3]. Authors, in this case, stress the need for the
verification of the received data as a result of performing
space remote sensing against the data obtained by using
traditional methods.

In the vast majority of articles it is indicated that the di-
agnostic attributes of soil quality reflect the brightness and
image hue of spectrum-zonal images [11, 12], as well as their
albedo-reflectivity [13, 14]. Especially pronounced are these
relationships in red and near infrared ranges.

In this case, it is a generally known fact that informative-
ness of vegetation indexes, which are widely used to diagnose
the state of grounds and to detect their characteristics,
differs significantly and varies widely. The level of informa-
tiveness and reliability of vegetation indexes is affected by:
season, type of soil, dominant type of plant cover, conditions
of topography, type of landscape and agroecological soil con-
dition at the time of research.

When diagnosing different types of soils, the most cred-
ible results were demonstrated at the following types: gray
podzolized [4, 14] typical chernozems [12], ordinary cherno-
zems, medium in humus, with differences in the degree of erod-
ibility and soil-forming rocks [2, 5]. The data given in [4, 15]

evidence the most accurate diagnosis of sod-podzolic gleyey
soils. The other types did not reveal reliable spectral image.

However, despite the constraints described, vegetation
indexes are justifiably considered to be sufficiently infor-
mative comprehensive indexes for diagnosing parameters of
soils. They demonstrate a considerable correlation with both
a mineral component of soil — granulometric composition,
and the content of organic matter and other indicators. They
include: SAVI2 is the second soil vegetation index, NDVI
is the normalized differential vegetation index [5, 16, 17],
MSAVT — modified soil vegetation index [17-19], SF1 is the
index of soil fertility [20], NDSI is the normalized salinity
index [7] and other indexes [21, 22]. According to scientists,
using them may enable the identification of the following
indicators of agroecological condition of soils: degree of ero-
sion hazard, granulometric composition [6, 14], content of
iron [6], content of humus [2, 3], alkalinity [7], type of soil
and other characteristics. Identifying the indicated magni-
tudes is possible both through vegetation cover by zoned
vegetation indicators and through soil’s albedo indicator p at
minimal amount of vegetation or its full absence.

In paper [13], researchers proposed an approach to pre-
dictive determining the content of organic carbon at a depth
of 30 cm by calibrated reflectivity of the Landsat 7 ETM+
pixels. The results indicate an acceptable level of reliability
at multiple correlation R?=0.67 and 0.65 for calibrated data
and validation data, respectively, for different types of soils
in Africa. With the help of images, a significant correlation
between characteristics of the images and the contents of
physical sand, humidity and the content of organic carbon in
soils was revealed.

However, despite a sufficient number of articles on
remote sensing of soils, not fully studied as yet is the effec-
tiveness of using available materials about terrestrial soil
surveys in previous years. Here we mean the structure of
soil cover for conducting ERS. It is clear that diagnosing the
indicators of soils under conditions of variegated soil cover
of Polissya in Ukraine compared, for example, with soils of
the steppe zone, which are characterized by uniformity and
spatial monolithic nature, will have substantial methodolog-
ical differences and will differ by much more complexity. In
addition, given the need for carrying out in Ukraine the next
total soil survey, the question of feasibility and scalability
of applying materials from massive soil surveys way back in
1957-1961, conducted in the territory of the former Soviet
Union, gain a special importance.

In addition, it is necessary to note that while traditional
use of vegetation indexes in vegetation period (season) of
plants for diagnosing soil characteristics might be considered
appropriate, then the question of their application beyond the
vegetation season has remained insufficiently explored.

One should also consider as not examined well enough
the peculiarities of using multispectral images for diagnosis
of sod-podzolic, light gray and grey soils of transition zone
in Polissya of Ukraine with attributes of hydromorphicity.

3. The aim and tasks of the study

The studies conducted set out to define methodological
approaches to the remote identification of indicators of soil
properties in the transition zone of the Central Polissya of
Ukraine. The aim was to diagnose the magnitudes of indi-



cators of soil fertility under conditions of variegated soil
cover with attributes of hydromorphicity and complicated
screening of the Earth’s surface by vegetation, using the
Landsat 7 ETM+ spectrum-zonal imagery.

In the course of studies, the following tasks were set:

— to develop optimal approaches to diagnosing certain
indicators of soil fertility with attributes of hydromorphicity
and a high degree of diversity of soil habitats under condi-
tions of transition zone in the Central Polissya of Ukraine;

— to develop an algorithm for remote diagnosis of charac-
teristics of soils based on GIS technology, which implies the
use of soil surveys materials for previous years and aims at
minimizing the number of points where samples are taken;

—to establish the nature of interrelations between p
albedo and the most wide-spread vegetation indexes based
on multispectral images, on the one hand, and indicators of
properties of soils, on the other hand, beyond the vegetation
season of plants.

4. Materials and methods to study diagnosing of
indicators of soil properties in the Ukrainian Polissya
using the Landsat 7 ETM+ spectrum-zonal imagery

The study was conducted in 2015 in the territory of
research field of Zhytomyr National Agroecological Uni-
versity, which is located in the zone of Central Polissya in
Ukraine and is in in Chernyakhivsky district, Zhytomyr Re-
gion. Selection of soil samples was carried out at the levelling
crops plots of research field.

4. 1. Methods for fixing the points, selecting soil sam-
ples and determining the screening of the Earth surface

The points were laid down in the examined area with
the most common soils at different grounds and their exact
geocoding was accomplished (Tables 1, 2).

Table 1
Data of geodesic fixing of the points
Number Latitude, B Longitude , L Mark,
of point degrees| minutes|seconds |degrees|minutes |seconds| ™
1 50 26 5,397 28 42 17,604 | 254,50
2 50 26 4,083 28 42 15,590 | 255,20
3 50 26 7,264 28 42 21,243 | 253,12
4 50 26 11,554 | 28 42 15,915 | 255,61
5 50 26 8,835 28 41 | 40,454 | 258,29
6 50 26 9,152 28 41 37,676 | 257,97
7 50 26 11,026 | 28 41 35,565 | 258,30
8 50 26 20,997 | 28 41 | 47,376 | 255,47
9 50 26 [22,015| 28 41 150,579 | 254,71
10 50 26 25,205 | 28 41 48,996 | 253,88
1 50 26 22201 | 28 41 44,581 | 253,68
12 50 26 22201 | 28 41 44,581 | 254,30
13 50 26 22962 | 28 41 38,564 | 254,05
14 50 26 27428 | 28 41 19,018 | 250,75
15 50 26 27,985 | 28 41 16,525 | 250,97

In order to control geodesic fixing of points, we used
the device GPS Trimble R3, which is under mode of dy-
namic image-taking provides for differential accuracy
WAAS/EGNOS<1 m. As a result, we obtained coor-
dinates of points in the geographic coordinate system
WGS 84 (UTM map projection — universal Mercator pro-
jection). As a cartographic basis for the research, we used
map of soils with scale 1:2000. Soil survey of the research
field of Zhytomyr Agricultural Institute (village Velyka
Gorbasha, Ukraine) was conducted in 1982.

Table 2

Fixing the points of the study in terms of soils with
the presence of vegetation on them

Quantity of mon-
itoring points and
their numbers

No. Name of soil, agricultural crop

Sod middle podzolic gleyic sandy soil on
waterborne and glacier sediments,
Eutric Podzoluvisols (PDe) (FAO),
winter rye (Secale cereale L.)

2-p.5p.6

Sod middle podzolic gleyic sandy loam
soil on waterborne and glacier sediments,
Eutric Podzoluvisols (PDe), (FAO),
perennial cereal-leguminous grass
mixtures (Dactilis glomerata L.)
(Bromus inermis L.), (Phleum
pratense L.), (Lotus corniculatus L.),
(Trifolium pratense L.)

1-p.7

Eutric Podzoluvisols (PDe) (FAO),
perennial cereal-leguminous grass
mixtures: (Dactilis glomerata L.)

(Bromus inermis L.), (Phleum

pratense L.), (Lotus corniculatus L.),

(Trifolium pratense L.)

3-p.8p.9p. 10

Eutric Podzoluvisols (PDe) (FAO),

winter spelta (Triticum spelta L.) 3-p-11,p-12,p.13

Grey podzolized gleyic sandy loam soil
on forest sediments with waterborne and
5 | glacier sediments strewn under, Haplic
Greyzems (GRh) (FAO), winter spelta

(Triticum spelta L.)

2-p.14,p. 15

Dark gray podzolized gley sandy loam
soils on loess loam underlaid from the
6 | depth of 1.0-1.5 meters of waterborne
and glacier sediments, Haplic Greyzems
(GRh), (FAO), cereals stubble

3-p.1,p. 4

Chernozemic-meadow calcareous,
7 | silty-loamy soils on loess loam, Eutric
Planosols, (PLe), (FAO), cereals stubble

1-p.2

Peat-bog calcareous drained soil on
8 | waterborne and glacier sediments, bog
vegetation, Terric Histosols (HSs), (FAO)

1-p.3

A selection of mixed soil samples was generated by the
method of envelope (2x2 m) from a layer of 0-20 cm. Soil
screening was determined based on digital images taken
with a digital camera from a height of 1 m in a threefold
sequence and subsequent calculation of the mean value.
Screening in percentage was determined using electronic
palette of the program Corel DrawX4 (Table 3).



Table 3

Distribution of soil screening with vegetation

Number of Screening dégree, % .
point all types of | vegetation dry Free soil, %
vegetation plants vegetation
1 57,5 55,5 2,0 42,5
2 93,0 32,0 61,0 7,0
3 97,0 12,0 85,0 3,0
4 51,0 18,0 33,0 49,0
5 25,0 23,0 2,0 75,0
6 24,0 21,0 3,0 76,0
7 90,5 34,5 56,0 9,5
8 93,0 23,6 69,4 7,0
9 92,0 28,7 63,3 8,0
10 92,0 30,0 62,0 8,0
1 53,0 38,0 15,0 47,0
12 48,5 30,0 18,0 52,0
13 33,0 27,0 6,0 67,0
14 80,0 32,0 48,0 20,0
15 72,0 35,0 37,0 28,0

Results of screening the soil cover indicate a complicated
nature of vegetative cover in different parts of the examined
territory.

4. 2. Methods of laboratory analyses of soil samples

In the selected samples, under laboratory conditions, we
identified the following indicators: soil granulometric com-
position by Kaczynski (7 indicators), the humus content by
Tyurin, carbon content of organic matter, nitrate nitrogen,
ammonium nitrogen, water Ph, salt pH, exchange cations
Ca?, Mg?, Na’, K' (5 indicators), content of mobile phos-
phorus P,0O, and exchangeable potassium K,O by Chyrikov,
hydrolytic acidity, cation-anion composition of aqueous
extract in the composition of HCO;, CI, SO% , Ca®', Mg*',
Na*, K* (8 indicators), ash, % [23]. All in all, 30 indicators.

To achieve maximum synchronization of the dates for
selecting soil samples (28.10. and 04.11.2015) with the moment
of taking images of the Earth surface, from the archives of satel-
lite data USGS EROS Data Center (USA Geological Service)
we received a multispectral image taken by Landsat 7 ETM+.
The date and time of taking the image is October 15, 2015;
08:14 a.m. Resolution is 28.5 m for VNIR/SWIR channels.

The raster image of the area with attached soils by results
of the surveys in 1982, the multispectral photograph and the
points for sampling were integrated into a single coordinate
system in Quantum GIS - 2.18 (QGIS). Radiometric cor-
rection of DN values was carried out according to standard
algorithms, recommended by researchers and producers of
images [24—27]. Conversion of values of dimensionless DN
magnitudes (numeric values), proportional to the intensity
of radiation from the objects, which reaches sensor R into
dimensionless absolute values of reflection — p albedo was
performed in accordance with the Landsat 7 Science Data
Users Handbook [24, 26]:

_nR-d’
P=Esine’

M

where © — 3.14; R is the intensity of radiation that reaches the
sensor in orbit; d is the distance between Earth and the Sun;
E is the luminosity factor for each channel of a multichannel
image, received in accordance with specifications of the
sensor; 0 is the height of the Sun above horizon at the time
of taking an image.

Luminosity factors E were obtained from the reference to
product Landsat-7 [26].

The Sun height above horizon 6 was obtained from the
image’s metadata file.

The intensity of radiation from the objects that reaches
sensor R was calculated by formula:

R=My-Q+Ay, (2)

where M, and A, are the calibration coefficients for the
image under discussion obtained from the service file of
metadata that is delivered along with the pictures on the
date of shooting.

d is the distance in astronomical units, calculated by
approximate formula:

d=1—0,01668-cos(iz—n), 3)
36

where i is the number of the day of the year, obtained from
the metadata file.

Vegetation indexes were calculated by standard for-
mulas obtained from the manual on using product Land-
sat 7 ETM+ [24].

Normalized Difference Vegetation Index (NDVI) was
calculated by formula [16]:

Band4 -Band3
NDVl=———«———, 4
Band4 +Band3 @

where Band4 is the reflection in the near infrared range;
Band3 is the reflection in the red region of the spectrum.

Normalized Difference Soil Index (NDSI) was calculat-
ed by formula [28]:

Band5-Band7
NDS[=—————, 5
Band5+Band7 ©)

where Bands5 is the reflection in infrared range 1550—1750 nm;
Band7 is the reflection in infrared range 2080-2350 nm.

Soil Adjusted Vegetation Index (SAVI) was calculated
by formula [22]:

(Band4 —Band3)
(Band4+Band3+L)

SAVI= (1+L), (6)

where Band4 is the reflection in the near infrared range;
Band3 is the reflection in the red region of the spectrum;
L is index of reforestation, we used value 0.5.

Modified Soil Adjusted Vegetation Index (MSAVI) was
calculated according to the formulas used in [18, 19]:

2-Band4+1—J(2-Band4+1)2 -8(Band4-Band3)
MSAVI=




where Band4 is the reflection in the near infrared range,
Band3 is the reflection in the red region of the spectrum.

3. Results of research into an
algorithm for remote identification of
the fertility indicators of soils with attributes of
hydromorphicity in the transition zone of
Central Polissya in Ukraine

In the course of the studies, we identified, for most de-
pendences, an average, relatively low, degree of correlation
connection, regularly predetermined by different nature
in the screening of soil cover and by the composition of
integumentary vegetation in various points. In this case, a
multi-component screening of the soil caused substantial
obstacles for obtaining a more clear and informative spectral
image (Tables 4, 5).

In the course of research, we established a correlation
connection between the reflectivity — albedo p for pixels in
the 4 and 5 channels of satellite image by Landsat 7 ETM+
and the content of exchange cations Ca?" — in both cases,
r=—0.63 (Table 4). The indicated image parameters correlate
with the second faction of sand (0.25-0.05 mm), r=0.55
and r=0.52 for channels 4 and 5, respectively. Parameters of
channel 2 are associated with the contents of exchangeable
potassium (r=0.59). The contents of cations K" affect the
reflectivity of channel 2 (r=0.65), while the cation content
of water extract Ca?" is also correlated with values p of chan-
nel 7 (2080-2350 nm) at r=—0.56.

Given the lack of salinization processes in the given soils,
any relation between characteristics of the Landsat 7 ETM+

images and indicators of content of salts was missing.
Based on the research into correlation dependences between
parameters of granulometric composition of soils and re-
flectivity p of different channels, depending on the type of
mineral soils, their granulometric composition and the type
of hydromorphicity, the indicators that are best diagnosed
are the provision of soils with nutrients — phosphorus (P,0;)
and potassium (K,O). For 10 soils, a fraction of particles
size of 0.25-0.05 mm is best correlated with channels 4
and 5 (760-900 and 1550—1750 nm) (Table 4), and for the
whole sample of soils with channels 5 and 7 (15501750
and 2080-2350 nm) (Table 5), which proved to be the most
informative.

The approach applied for compiling statistical sam-
pling to conduct the correlation approach implied separat-
ing the soils with a podzolized type of ground formation.
Typical for them, noticeably narrower (13.84-24.63)
compared with the general sample of soils, a range of their
physical clay content (13.84-28.35) (the sum of fractions
with the soil particles size of <0,01 mm, %), allowed us
to clearly diagnose dynamic agrochemical indicators of
properties — movable phosphorus (P,0,) and exchange-
able potassium (K,O). In this case, it is generally known
that the selected in the research factor for diagnostics of
soils, which is limiting and accentuating, — their granulo-
metric composition, constant over a long period, depends
only on the soil-forming (maternal) rock and is inherent in
every soil type. Given an urgent need to conduct contin-
uous monitoring observations of agroecological condition
of soils and the observation of dynamics of changes in
agrochemical indicators in the long term, the latter pecu-
liarity is without a doubt exceptionally important.

Table 4

Correlation coefficients of characteristics of images at reflectivity (p) with the indicators of sod-podzolic,
light gray and gray soils p<<0.05 n=10 (points 5, 6, 8—15), r

No. of Granulometric Cont ¢ Movabl Exch bl Cation-anion composition of water
entry, | Range,nm | composition % h on enso K| oh }(1) va eP o tc "?nge‘% g extract, mmol /100 g of soil
channel (0,25-0.05 mm) | ange cations phosphorus P,O; | potassium K, o <
1 450-515 0,48 0,57 0,55 0,61 -0,42 0,52
2 525-605 - 0,59 0,65 0,74 -0,47 0,65
3 630-690 0,47 0,49 0,52 0,64 0,57 0,56
4 760-900 0,55 0,46 0,58 0,65 —-0,63 0,53
5 1550~1750 0,52 0,41 0,51 0,60 -0,63 0,45
7 2080-2350 0,50 0,49 0,57 0,65 -0,56 0,47
Note: “=" — low degree of correlation or its absence
Table 5

Correlation coefficients between reflectivity (p) and the indicators of properties of examined soils,
at level p<0,05, n=15 (points 1-15), r

. Content . . . Cation-anion compo-
No.of | i | et | ofphysical | | S ol | Ston. mase sharer | Sion o water extrace
channel ’ (0,25-0,05 IIII;I) clay (sum of mel mmol/100 g of soil
’ ’ fractions<0,01) Ca?t Mg? Na* K Ca? K
1 450-515 0,56 - - - - - - -0,39 -
2 525-605 0,46 - - - - - 0,46 0,48 0,46
3 630-690 0,50 -0,47 -0,45 0,40 - 0,41 0,47 -0,63 0,48
4 760-900 0,53 -0,46 -0,47 -0,38 0,42 - 0,41 -0,62 0,41
5 1550-1750 0,63 - - - - - - 0,47 -
7 2080-2350 0,61 - - - - - - 0,51 -
Note: “~=" — low degree of correlation or its absence
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Fig. 1. Functional dependences of the content of nutrient elements of soils with
reflectivity of channel 2: @ — with exchangeable cations K*, 6 — with movable

phosphorus, ¢ — with exchangeable potassium, d — with cations K* of water extract

where vy is the content of exchange-
able potassium in soils, xisthe
number of units of albedo p.

When calculating vegetation indexes, the largest correla-
tion between the vegetation indexes values and the indica-
tors of soils was demonstrated by index NDSI — normalized
index of salinity. The correlation coefficient of the content
of exchangeable potassium and the index value is equal to
r=-0.67. For the case of calculation in a wide list of the types
of soils, NDSI correlates with the second faction of granu-
lometric composition (0.25-0.05 mm), r=—0.55 (Table 6).

Results of the conducted construction of surface by
the albedo p magnitude on the soil cover of research field,
based on the classification of equal intervals, Fig. 2.

Based on the obtained equation of dependence be-
tween the albedo values and the content of movable
potassium in soils (Fig. 1, ¢), we performed in the QGIS
environment, using the methods for interpolation and
extrapolation, a recalculation of the magnitudes p of ras-
ter model for the soil surface into the magnitudes of K,O
content (Fig. 3).

Table 6
Correlation coefficients between different vegetation indexes and the indicators of soil properties, at level p<0,05, r
Indicators of soil properties
No. of granulometric movable | exchange- | cation-anion composition of wa- | cation-anion composition of
entry | composition |salt pH exch.angeab}e phospho- |able potassi-| ter extract, mmol/100 g of soil | water extract, mass share, %
(0,25-0,05 mm) cations K rus, P,O; | um, K,O CaZ | Mg K+ Mg?* Na*
for sod-podzolic, light grey and grey soils, (n=10)
NDVI - 0,37 -0,44 - -0,47 - - -0,51 -0,39 0,38
NDSI - - - - -0,67 - - - - -
SAVI 0,34 - - - - - - - - -
MSAVI 0,43 - - 0,37 - -0,38 - - - -
for all types of soils in the examined territory, (n=15)
NDVI - 0,38 - - - - - - —-0,34 -
NDSI -0,55 - - - - 0,42 - - - -
SAVI - - - - - - -0,44 - - -
MSAVI - - - - - - -0,43 - - -
Note: “=" = low degree of correlation or its absence
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Fig. 2. Raster image of reflectivity of soil cover, computed in
the QGIS environment by the albedo p magnitude (1)
Note: codes of soils in the schematic map are in line with the
FAO classification (1997) and in accordance with Table 2
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Fig. 3. Schematic map of the content of movable potassium
(K,0) in podzolized gleyey soils, computed in the QGIS
environment by albedo p (8)

Note: codes of soils in the schematic map are in line with the
FAO classification (1997) and in accordance with Table 2

By orange color in the schematic map we, under automat-
ed mode, outlined parts of the soil cover with a very low K,O
content, which is beyond the range defined by the equation.
This is partly due to the fact that the selection of soil samples
was carried out locally, without covering the entire exam-
ined territory with podzolized soils, widespread over it, with
a regular network. This approach, however, allowed us to
minimize the costs associated with the necessity of selecting
and running laboratorial analysis of larger number of soil
samples. Given the fact that the K,O magnitudes, calculated
for the indicated pixels, have taken negative values, a proba-

ble location of true magnitudes of potassium content is in the
range 0—40 mg/kg of soil.

In the south-eastern part of schematic map demonstrating
the provision of soils with movable potassium are the light
gray sandy loam gleyey soils with elevated and high content
of K,O (Fig. 3). A high content of movable potassium in the
specified territory is naturally predetermined by temporary
(one-year) research fields located over it, where the systematic
introduction of organic and mineral fertilizers is carried out.

6. Discussion of results of exploring diagnosis of
indicators of soil properties in the Ukrainian Polissya
using the Landsat 7 ETM+ spectrum-zonal imagery

Results of the conducted studies on remote sensing of
indicators of soil properties in the transition zone of Polissya
in Ukraine beyond the limits of vegetation season of plants
indicate a mostly average reliability of diagnosis in the majority
of parameters. The obtained data allow us to draw a conclusion
about the significant impact of ground vegetation on the qual-
itative characteristics of the received spectrum-zonal images.
Under conditions of a variegated soil cover, characteristic of the
transition zone of Polissya in Ukraine, an important factor in
the quality of diagnosis of soil fertility magnitudes is an optimal
approach towards the formation of statistical sampling. Group-
ing of soils according to the principle of uniformity of the type
of soil formation and by the granulometric composition allowed
us to identify their content of nutrients — movable phosphorus
and exchangeable potassium. In this case, the number of select-
ed soil samples is minimal, which affected insignificantly the
quality of building a schematic map demonstrating the provi-
sion of soils with exchangeable potassium.

An integration of cartographic base with results of soil
surveys in 1982 allowed us to take samples within the soil
habitats, obtained by the results of ground-based surveys. In
this case, the availability of detailed information about the
history of agro loads on the research field has contributed to
a better interpretation of the results of building a schematic
map demonstrating the provision of podzolized soils with
potassium by interpolation.

Given the desperate need for carrying out next soil survey
in the territory of Ukraine, remote identification of agrochem-
ical soil indicators, along with traditional methods of diag-
nosis, will reduce the time of image taking and significantly
decrease its cost. A described technology of remote sensing
might be used to provide agricultural enterprises with infor-
mation on the availability of basic nutrients in soils.

In this case, increasing the level of reliability of correla-
tion connection between characteristics of spectrum-zonal
images and the magnitudes of soil properties should be a
priority for further research.

Improving the quality of the proposed algorithm for
remote sensing of soils should provide for the principle of
homogeneity when compiling analytical sample of correla-
tion relationship between the indicators of properties and
characteristics of satellite images. It consists in the fact that
not only the optimal formation of statistical sampling but the
selection of soil samples itself should be consistent with the
materials of massive soil surveys in previous years. Here we
mean a prospect of taking into account a territorial enlarge-
ment of selected soil habitats. But given the possibility of
low quality of the materials of terrestrial soil surveys, their
application should be maximally weighted.



In the absence of cartographic materials, a clearer iden-
tifier that underlies remote diagnosing of certain agrochem-
ical indicators of soils is their granulometric composition,
namely, the content of physical clay. It should be noted
that the formation of statistical sampling for a correlation
analysis of the relationship between the indicators of soil
properties and characteristics of images, as well as a range
of their content of physical clay, must take into account the
structure of existing soil cover. In our case, given the excep-
tional diversity of soil cover, quite informative was the range
of physical clay content at 10.79 %. In the case of homogene-
ity of the soil cover, such a range will be naturally narrower.

Undoubtedly, not a less potential to increase the tight-
ness of connection between parameters of reflectivity of
images and vegetation indexes by qualitative characteristics
of soils is in the provision of principle of uniformity when
selecting the indicated similar research on the Earth surface.
At best, such studies are necessary to carry out after the
main cultivation of soils and their preparation for planting
the crops or directly after planting (in autumn). In this case,
there will be provided a short-term absence of vegetation
on the Earth surface and, to some extent, the appropriate
uniformity. Not a less potential to improve the quality of
diagnosing the soils is demonstrated by remote phytoindica-
tion. In this case, the principle of uniformity will be provided
through full or partial coverage of the Earth surface with
agricultural plants. High identification capacity of basic
quality properties of soils might be ensured through spectral
characteristics of the agricultural crops [21].

7. Conclusions

1. It is established that the grouping of soils based on
the principle of uniformity according to the type of soil
formation and granulometric composition when compiling
statistical sampling contributed to increasing the level
of informativeness of spectrum-zonal images by p albedo
reflectivity and vegetation index NDSI.

2. It was proven that in the case of adding to analyti-
cal sample the soils with narrow content of physical clay
(from 13.84 to 24.63 %), by the channel of image with
wave length (525-605nm) by p, indicators of nutrients
content are better diagnosed — movable phosphorus P,O,
(r=0.65), exchangeable potassium K,O (r=0.74). In the
case of statistical processing of data with a wide range
of contents of physical clay (from 13.84 to 28.35 %), by
channel 5 of image with wave length (1550-1750 nm)
by p, the contents of medium sand are better identified
(0.25-0.05 mm) (r=0.63). And by channel 3 of the image
(630-690 nm) — the cations of calcium (r=-0.63).

3. The most informative among vegetation indexes is
NDSI - correlation coefficient with the contents of ex-
changeable potassium K,O (r=0.67).

4. A polynomial nature of connection is established
between the values of p albedo of channel 2 (525-605), on
one hand, and magnitudes of movable phosphorus (P,0;),
exchangeable potassium (K,O), exchangeable cations K',
as well as cations K" of water extract of podzolized hydro-
morphic soils, respectively, on the other hand.

References
1. Achasov, A. B. Vykorystannja cyfrovyh modelej rel’jefu pry doslidzhenni g’runtovogo pokryvu [Text] / A. B. Achasov // Visnyk
KhNAU. - 2008. — P. 157-159. — Available at: http://base.dnsgb.com.ua/files/journal /V-Harkivskogo-NAU /V-Harkivskogo-
NAU_grunt/2008-1/2008_01_22.pdf
2. Bulygin, S. Ju. Ispol'zovanie integral'nogo analiza dannyh distancionnogo zondirovanija i cifrovyh modelej rel’efa pri kartografirovanii
pochvennogo pokrova Chernozemnoj zony [Text] / S. Ju. Bulygin, A. B. Achasov, F. N. Liseckij // Nauchnye vedomosti Bel GU. —
2012. — Vol. 21, Tssue 21 (140). — P. 142-152.
3. Bulygin, S. Ju. Ocenka gumussirovannosti pochv putem obrabotki ih cifrovyh fotoizobrazhenij [ Text] / S. Ju. Bulygin, D. I. Bidolah,
F. N. Liseckij // Nauchnye vedomosti BelGU. — 2011. — Vol. 16, Issue 15. — P. 154—159.
4. Sorokina, N. P. Opyt cifrovogo kartografirovanija struktury pochvennogo pokrova [Text] / N. P. Sorokina, D. N. Kozlov //
Pochvovedenie. — 2009. — Issue 2.
5. Shatohin, A. V. Ispol’zovanie sovremennyh tehnologij pri kartografirovanii pochvennogo pokrova Severnoj Doneckoj Stepi [Text] /
A. V. Shatohin, A. B. Achasov // Pochvovedenie. — 2005. — Issue 7.
6. Truskavec'kyj, S. R. The geoinformational digital mapping of some soil parameters [Text] / S. R. Truskavec'’kyj // Visnyk
ZhNAEU. - 2011. — Vol. 1, Issue 1. — P. 27-35.
7. Savin, L. Ju. Vyjavlenie mnogoletnih izmenenij ploshhadi zasolennyh pochv Shaul’derskogo oroshaemogo massiva po kosmicheskim
snimkam Landsat [Text] / L. Ju. Savin, A. Otarov, A. V. Zhogolev, M. A. Ibraeva, S. Dujsekov // Bjul. Pochvennogo instituta im.
V. V. Dokuchaeva. — 2014. — Issue 74. — P. 49-65.
8. Ivahnenko, A. G. Modelirovanie slozhnyh sistem: informacionnyj podhod [Text] / A. G. Ivahnenko. — Kyiv: Nauk. dumka, 1986. — 136 p.
9. Poshivajlo, Ja. G. Sovershenstvovanie metodov sozdanija pochvennyh kart naselennyh punktov [Text] / Ja. G. Poshivajlo,
I. P. Karetina // Interjekspo Geo-Sibir’. — 2012. — Issue 2.
10. Ryzhova, I. M. Matematicheskoe modelirovanie pochvennyh processov [Text] / I. M. Ryzhova. — Moscow: Izd-vo Mosk. Un-ta,
1987. — 82 p.
11.  Mel'nichuk, Ju. A. Ispol'zovanie dannyh distancionnogo zondirovanija zemli dlja monitoringa transformacii zemel’ na primere
Sakskogo rajona Kryma [Text] / Ju. A. Mel'nichuk, K. V. Klimenko // Visnyk Nacional’nogo universytetu vodnogo gospodarstva
ta pryrodokorystuvannja. — 2014. — Issue 3. — P. 168—177.
12.  Shatohin, A. V. Monitoryng gumusnogo stanu chornozemiv za dopomogoju kosmichnogo zonduvannja [Text] / A. V. Shatohin,
M. O. Lyndin // Visnyk agrarnoi’ nauky. — 2000. — P. 14—16.
13.

Vagen, T.-G. Mapping of soil organic carbon stocks for spatially explicit assessments of climate change mitigation potential [Text] /
T.-G. Vagen, L. A. Winowiecki // Environmental Research Letters. — 2013. — Vol. 8, Issue 1. — P. 015011. doi: 10.1088/1748-
9326/8/1/015011



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ukraynskyj, P. A. Studying of soils granulometric structure at Pooskolye according to space pictures decoding [Text] /
P. A. Ukraynskyj, O. A. Chepelev // Yzvestyja Samarskogo nauchnogo centra Rossyjskoj akademyy nauk. — 2011. — Vol. 13,
Issue 1-5. — P. 1225-1229.

Puzachenko, M. Ju. Kartografirovanie moshhnosti organogennogo i gumusovogo gorizontov lesnyh pochv i bolot juzhnotaezhnogo
landshafta (jugo — zapad Valdajskoj vozvyshennosti) na osnove trehmernoj modeli rel’efa i distancionnoj informacii (Landsat 7)
[Text] / M. Ju. Puzachenko, Ju. G. Puzachenko, D. N. Kozlov, M. V. Fedjaeva // Issledovanie Zemli iz kosmosa. — 2006. — Issue 4. —
P.70-78.

Rouse, J. W. Monitoring vegetation systems in the Great Plains with ERTS [Text] / J. W. Rouse, R. H. Haas, J. A. Schell,
D. W. Deering // Third Earth Resources Technology Satellite (ERTS) Symposium, NASA SP-351. — 1973. — Vol. 1. — P. 309-317.
Popov, M. A. Distancionnaja ocenka riska degradacii zemel’ s ispol’zovaniem kosmicheskih snimkov i geoprostranstvennogo
modelirovanija [Text] / M. A. Popov, S. A. Stankevich, A. A. Kozlova // Dop. NAN Ukrai'ny. — 2012. — Issue 6. — P. 100—104.
Zhongming, W. Stratified vegetation cover index: A new way to assess vegetation impact on soil erosion [Text] / W. Zhongming,
B. G. Lees, J. Feng, L. Wanning, S. Haijing // CATENA. — 2010. — Vol. 83, Issue 1. — P. 87-93. — doi: 10.1016/j.catena.2010.07.006
Qi, J. A modified soil adjusted vegetation index [Text] / J. Qi, A. Chehbouni, A. R. Huete, Y. H. Kerr, S. Sorooshian // Remote
Sensing of Environment. — 1994. — Vol. 48, Issue 2. — P. 119—-126. doi: 10.1016,/0034-4257(94)90134-1

Vagen, T.-G. Sensing landscape level change in soil fertility following deforestation and conversion in the highlands of Madagascar
using Vis-NIR spectroscopy [Text] / T.-G. Vagen, K. D. Shepherd, M. G. Walsh // Geoderma. — 2006. — Vol. 133, Issue 3-4. —
P. 281-294. doi: 10.1016/j.geoderma.2005.07.014

Byndych, T. Ju. Sovremennye podhody k distancionnoj fitoindikacii sostojanija pochvennogo pokrova [Text] / T. Ju. Byndych,
L. P. Koljada, S. R. Truskaveckij // Pochvovedenie i agrohimija. — 2015. — Issue 2 (55). — P. 30—38.

Huete, A. R. A soil-adjusted vegetation index (SAVT) [Text] / A. R. Huete // Remote Sensing of Environment. — 1988. — Vol. 25,
Issue 3. — P. 295-309. doi: 10.1016,/0034-4257(88)90106-x

Perelik osnovnyh normatyvnyh dokumentiv u galuzi g'runtoznavstva, agrohimii’ ta ohorony g'runtiv [Text]. — Kharkiv: NNC
«Instytut g’runtoznavstva ta agrohimii’ imeni O. N. Sokolovs’kogo», 2009. — 37 p. — Available at: http://www.issar.com.ua/
downloads/docs/standarty.pdf

Landsat 7 Science Data Users Handbook [Text] / National Aeronautics and Space Administration. — Report, USGS Unnumbered
Series, GIP, Geological Survey (U.S.), 1998. — P. 78-90. — Available at: http://landsathandbook.gsfc.nasa.gov/pdfs/Landsat7
Handbook.pdf

Barker, J. L. Landsat — 7 Mission and Early Results [ Text]: conference / J. L. Barker, S. K. Dolan, P. A. Sabelhaus, D. L. Williams,
J. R. Trons, B. L. Markham et. al. // Sensors, Systems, and Next-Generation Satellites ITI. — 1999. doi: 10.1117/12.373220

Teillet, P. M. Radiometric cross-calibration of the Landsat-7 ETM+ and Landsat-5 TM sensors based on tandem data sets [ Text] /
P. M. Teillet, J. L. Barker, B. L. Markham, R. R. Irish, G. Fedosejevs, J. C. Storey // Remote Sensing of Environment. — 2001. —
Vol. 78, Issue 1-2. — P. 39-54. doi: 10.1016,/s0034-4257(01)00248-6

Thome, K. Radiometric Calibration of Landsat [Text] / K. Thome, B. Markham, J. Barker, P. Slater, S. Biggar // Photogrammetric
Engineering and Remote Sensing. — 1997. — Vol. 63, Issue 7. — P. 853—-858. — Available at: http://info.asprs.org/publications/
pers/97journal /july /1997 jul 853-858.pdf

Tripathi. N. K. Spatial Modeling of Soil Alkalinity in GIS Environment Using IRS data [Electronic resource] / N. K. Tripathi,
B. K. Rai, P. Dwivedi // 18th Asian conference on remote sensing. — Kuala-lampur, 1997. — P. A.8.1-A.8.6. — Available at: http://
a-a-r-s.org/aars/proceeding/ACRS1997 /Papers/AGS97-6.htm



