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Abstract - The morphological and chemical characteristics
quickly reflect the changes in the soil matrix and are indicative
of anthropogenic impacts. In our study we are discussing these
for arable area developed as a result of intensive cultivation of
soils for almost a century. The structural status of studied soils
is also typical of Vertisols - lumpy-granular structure in the
ploughing horizons and columnar-prismatic in the underlying
horizons. Humus subhorizons are moderately humus (3.1-5%)
and only the ploughing horizons might be estimated as highly
humus (> 5% humus).

Chemical parameters pH and sorption capacity show
that as a result of the combined effects of the naturally
occurring process of soil leaching and agricultural practices,
the acid degradation of A-horizons of the moderately leached
Smolnitsa from the land of Bankya city take place. The
degradation processes cause the destruction of clay minerals
and reduce their sorption capacity in contrast to the AC and C
horizons where clays are unaffected by these processes.
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1. INTRODUCTION

Soil morphology as a science for organization
provides basic information about origin and development of
soils. It, however, should not be regarded as a static
"stagnant” pattern, but as an only one stage in the series of
consistent soil reorganizations [6]. Different neo-formations
such as carbonate and iron-manganese concretions,
phytolites and biolites are these highly informative
indicators that show a concrete phase of the soil evolution.
These components are relatively stable over time and
preserve in their structure data on the surrounding
ecological environment. Soil morphology combined with a
thorough and accurate interpretation of soil chemical
properties serves for determining the soil-forming processes
and the soil place on a taxonomic level [7].

Chemical analysis also provides information on the
soil degradation as a consequence of different natural and
anthropogenic factors [18]. The most preferable and
informative indicators for assessment of chemical status of
soils are parameters pH and cation exchange capacity [9,17].
The exchange capacity, in particular, the cation exchange is
one of the most important parameters in soil chemistry. It

shows the quantity of the cations in the soil solid matrix that
are capable of being exchanged with an equivalent amount of
other cations occurring in the liquid and gaseous phases of
soils. It is expressed by the total amount of ions that can be
hold via exchange path under certain regularity [2]. Ion
exchange, as it is well-known, occurs at the surface of
colloidal structures that are saturated with negative charges
as aresult of non-equivalent isomorphic substitutions in the
layered lattice of clay minerals, and from the acid ionization
of the functional groups of humic substances. These negative
charges are compensated by the positive charges of the
cations adsorbed on the colloidal surfaces [11, 19]. The
quantitative and qualitative characteristics of exchangeable
ions and soil colloids are currently used in Bulgaria as an
important sign of mineralogy, chemical reactivity and acid
degradation of soils. An example of soils with high colloidal
pedons are Vertisols. This soil type is widespread in the
valleys of Southern Bulgaria, particularly in the
Southwestern Bulgaria (Sofia, Radomir, Breznik, etc.). They
occupy the total area of about 600 thousand hectares
(5.45%) of the country's territory [13]. The cultivated are
530 thousand ha. This fact also determines the scientific
interest of studying the characteristics of Vertisols in view of
their sustainable management and fertility increase.

This study is aimed to reveal the morphological and
chemical characteristics of arable Vertisols developed as
a result of intensive cultivation of soils for almost a
century. These characteristics quickly reflect the
changes in the soil matrix and are indicative of
anthropogenic impacts.

Materials and methods

In order to assess the extent of anthropogenic
impacts on arable Vertisols, two soil profiles have been
located in the previously studied areas (Figures 1-4).

Profile 1: Moderately leached Vertisol, deep,
moderately clayey. WRB classification: Pellic Vertisol (Aric,
Hypereutric, Humic, Amphygleyic).

The profile is positioned in the “Poleta” locality on
the land of Bankya city, on 30 m Northeast from the railway
Sofia-Bankya, in the lower part of a slightly pronounced
Southern slope. The field is planted with barley (Figures 1
and 2).
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Profile 2: Moderately leached Vertisol, deep, slightly
clayey. WRB classification: Pellic Vertisol (Aric, Hypereutric,
Humic, Amphygleyic).

The profile is located in the land of the village
“Filipovtsi”, in the overflowing Kakach river terrace,on 15 m
Southeast from “Shose Bankya” street, in a flat terrain with a
very slight slope to the Southeast (Figures 3 and 4).

The following methods of analysis are applied:

1. Pretreatment of soil samples for physicochemical
analysis - according to BDS I1SO 11464.

2. pH (H20) determination - potentiometrically
according to ISO 10390.

3. Cation exchange capacity - method of Ganev and
Arsova (1980) [12]. This method determines the
contribution of both the permenent, preferential charges (on
basal surfaces, Tca) and variation charges (basically pH
dependent exchange including the lateral surfaces, T4) of soil
colloids to the cation exchange capacity by titration of soil
extract (4 g of soil and several portions of 8 cm3 of 1.0 n
sodium acetate and 0.2 n potassium maleate with pH 8.25 to
reach 100 cm3) with 0.04 n sodium hydroxide solution in the
presence of phenolphthalein to determine Ts and
subsequent titration of the above eluate with 0.04 n
complexon (after dilution up to 200 cm3 with deionized
water and addition of 10 cm? of triethanolamine and 2 cm3 of
5.0 n potassium hydroxide solution-non-carbonate to
achieve pH 12-13) in the presence of chromium-blue to
determine Tca.

4. Particle size distribution - method of Kachinsky
[15]. This method differs from the method described in ISO
11277:2009 mostly in samples pretreatment (NaOH is used
here as a dispersing agent) and sieves mesh sizes. The
following size of major fractions are recognized by
Kachinsky: Sand - this fraction involves particles with 1.00 -
0.05 mm equivalent spherical diameter; Silt fraction - from
0.05 to 0.001 mm equivalent diameter and Clay <0,001 mm.

5. Content of organic matter - the modified method
of Turin was applied [10, 16]. Itincludes oxidation of the soil
sample with 0.4 n K;Cr,07 and concentrated H,SO4 in a ratio
1:1 at 120 °C for 45 min. in the presence of Ag,S04 followed
by a titration with 0.2 n Mohr’s salt. Humus content is
calculated by multiplication with the coefficient 1.724.

6. Content of carbonates (total amount) - method of
Schiebler [1].

7. Soil sampling - according to BDS ISO 10381-
2:2014.

8. Field study - BDS ISO 10381-4:2014.

Results and discussion

Studied soils are moderately leached Smolnitsa
according to the Bulgarian soil classification [13] and might
be described as: colloidal-rich soils developed on soil-
forming materials with at least 30% clay content; saturated
(up to 100 cm from the soil surface the degree of saturation
with bases varies from 85.8 to 94.4%) with dark-colored (10
YR2/1to10YR 2/2,i.e., value below 4 and chroma below 3)
humus-accumulative horizons, containing above 1.5%
humus till 40 cm depth. Slight profile differentiation (texture
coefficient of up to 1.04) and lack of churning soil material
(the constant internal pedoturbation) are established in the
Smolnitsa from the vicinity of Bankya city (profile 1).
Oppositely there is a pedoturbation in profile 2, which affect
the morphological, physical and chemical properties of ACck-
horizon (Table 2). In both soils there is a firm (slightly
sticky) moist horizon starting from the 30 cm of the soil
surface and 2 20 cm thick with highest clay content, neutral
pH and very dark grey color (10 YR 3/1 according to the
Munsell soil color book) which was observed during the
previous study [8]. The compaction between 45 and 55 cm of
both pedons established in the present study resemble
plough pan in low permeability and dark reddish-brown
mottles and therefore could be considered a sign of
anthropogenic alteration of soils.

The structural status of studied soils is also typical
of Vertisols - lumpy-granular structure in the ploughing
horizons and columnar-prismatic in the underlying horizons.

Table 1: Basic classification characteristics in profile 1

Percentage distribution of mechanical elements
Soil pH | Humus Carbo- by fractions (mm)
horizon, 1o %) nates :
2 - 0.05- Sum
depth (cm) | 2 > ) |1-025 | 2% <0.001
0.05 0.01 <0.01
Ap 55 4,00 - 4,0 10,7 13,4 48,9 71,9
0-30 ¥ ) ) § E , )
A 7,0 1,79 0,76 2,5 3,4 15,7 56,1 78,4
30-50 f , E B E B , ,
As 6,1 1,58 - 2,9 10,7 11,1 54,6 75,3
50-110 2 , , § , 2 ,
ACck
110-165 7,2 1,52 5,34 3,2 11,5 10,3 52,7 75,0
Cex 7,6 037 6,42 9,4 20,3 128 | 366 | 575
165-200 f , , E , , ) f

Humus subhorizons of studied soils are moderately
humus (3.1-5%) and only the ploughing horizons might be
estimated as highly humus (> 5% humus) according to the
classification of Gurov and Artinova [13].
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Table 2: Basic classification characteristics in profile 2

Percentage distribution of

Carbo- mechanical elements by fractions

Sdoill:l??zor)l, pH | Humus nates (mm)

e cm ; 0
P B0\ 08 1 (o) | 1o | 0.25- | 0.05- Sum
<0.001

0.25 | 0.05 | 0.01 <0.01
Ap 0-30 6,2 3,40 - 52 | 165 | 17,1 38,4 61,2
Az 30-100 | 6,5 1,66 - 37 | 89 7,6 47,6 79,8

ACck 100-150 | 7,0 0,71 0,4 3,7 | 253 | 13,6 36,2 57,4

Cex 150-170 | 7,7 0,19 3,83 6,0 | 37,5 | 13,8 25,3 42,7

Along chemical properties the difference between
pH of ploughing horizon and A-subhorizons in the profile 1
strongly impresses, but typifies the effect of agriculture
systems applied over the years. The strong heterogeneity of
A-horizons in terms of pH suggests that the necessary agro-
ameliorative practices have been carried out to improve the
soil conditions - liming, manuring or fertilization. These
activities, along with the recommended subsoiling tillage
lead to observed changes in the chemical status of leached
Smolnitsa from Bankya (profile 1). Data available in ISSAPP
"N. Pushkarov" shows that changes in pH values of this soils
have ensued after 1967 [8] - initially soils had pH (KCI),
which gradually increased in depth: 4,6 - 4,9 —» 5,3 > 7,0
— 7,2 while the distribution now has a non-linear character
till 110 cm from the soil surface: 4,9 - 6,5 > 5,2 > 6,7 >
7,0.

Data in the table 3 reveal that the process of
acidification affects the mineral adsorbent of soils. Physico-
chemical quantities, shown in table 3 are used to
characterize the chemical properties of soil adsorbent.

Table 3. Main exchangeable features of the studied soils

X Ts2 exch. exch. exch. exch.
Horizon, pH Tea Ta \%
depth (CEC) Hs Al Ca Mg
(cm) H20 (%)
cmol/kg
Profile 1. Pellic Vertisol (Bankya city)
‘8_%0 55 | 49,30 | 42,80 | 6,50 7,00 0,30 35,80 6,50 | 85.80
1;6_50 7,0 51,50 | 47,50 4,00 3,00 0,00 42,10 6,80 94.40
As
50-110 6,1 | 49,30 | 43,20 | 6,10 5,40 0,00 37,10 6,60 | 89.10
ACex 7,2 54,00 | 50,20 3,80 0,50 0,00 47,60 6,30 99.10
110-165 ) ) ) : ) ) ) ) .
tex 76 | 5090 | 0,0 00 | 000 | 000 | 4550 | 540 |100.00
165-200 ) ;) ) ) ) ) ) ) .
Profile 2. Pellic Vertisol (Filipovtsi village)

'8_})30 6,2 44,70 | 37,50 7,20 5,50 0,00 33,00 6,20 87.70
A
30-100 6,5 48,00 | 41,00 7,00 5,00 0,00 37,00 6,20 89.60
ACck

7,0 | 47,50 | 43,40 | 4,10 3,00 0,00 38,20 6,40 | 93.70
50-110
Cex 7,7 44,60 0,0 0,0 0,00 0,00 38,50 6,10 | 100.00
150-170 ) 2 ) ) ) ) ) ) .

The parameter Tg, describes both the cation
exchange capacity and the colloidal status of soils and is a
measure of their physico-chemical reactivity. According to
the physicochemical classification of Ganev (1990) [11], both
Vertisols are highly colloidal soils (Tg245-65 cmol/kg) along
the entire depth. In general, the cation exchange capacity
varies slightly across soil depth. This is a consequence of
homogeneous distribution of the soil adsorbent main
component here - clay minerals. Further the dominant
presence of montmorillonite clays can be expected due to the
extremely high proportion of strongly acidic positions (Tca).
However, assuming the physicochemical classification of
Ganev [11], Pellic Vertisol in the Bankya city can be defined
as degraded-illuvial soil because of the ratios: Tg2in Ap / Tg
inCck<1and Tg2in ACck / Tg2in Ck > 1. The degradation in
Ap horizon, which is accounted by the first ratio, shows that
besides the leaching process, a weak acidification also takes
place and causes the degradation of colloidal structures. The
acid degradation of Vertisols is associated with the
formation of mobile humic acids. This process is facilitated
by the heavily clayey composition of A-horizon and
associated phenomena of surface over-wetting and
anaerobic transformation of plant debris. As we have already
mentioned, another factor that can significantly lower pH
and cause an acid destruction of colloids, is the systemic use
of ammonium fertilizers - they have well-known acidifying
effect. A similar low ratio found in the Az horizon (Tg2in Az /
Tg2 in Cck <1) suggests a deep disruption of the colloidal
structure in the humus horizon and high mobility of organic
matter.

Figures 5 and 6 show the relative share (in percent
of CEC) of each exchangeable cation in the formation of the
cation exchange capacity, which is also indicative of
functioning of soil colloids.
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Fig.5. Relative share of basic exchangeable cations in
profile 1

© 2018, IRJET | ImpactFactorvalue: 6.171 |

IS0 9001:2008 Certified Journal |

Page 3397



’l’ International Research Journal of Engineering and Technology (IRJET)

JET Volume: 05 Issue: 05 | May-2018

www.irjet.net

e-ISSN: 2395-0056
p-ISSN: 2395-0072

Profile 2
40.0
~y
o 30.0
£
A 20.0
@
2
i 10.0
D
m OO “ “ “
0-30 30-100 50-110 150-170

Horizon depth (cm)

Exch. H8,2 mExch. Mg mExch. Ca

Fig.6. Relative share of basic exchangeable cations in
profile 2

Soil colloids form a hydrolytic-acidic adsorption salt
in the ploughing horizon of profile 1 composed of slightly
basic aluminum cations and highly acidic anion surface of
the soil adsorbent - Tca. This reactive system further sustains
the aggressive and toxic soil environment. The slightly acid
soil reaction (pH 6.2) in the surface horizon of profile 2, is
entirely due to hydrolytic acidity (exchangeable Hg>) which
occupies slightly acidic positions of the soil adsorbent - Ta.
According to the Ganev’s physicochemical theory, if the
adsorption of hydrogen ions (exch. Hgz) takes place only on
the slightly acidic positions of the soil adsorbent (these are
the lateral and defective surfaces of the clay minerals) could
not cause acid destruction - this is established in soils
neighboring the Filipovtsi village. The degree of saturation
with bases (V, Table 3) varies from 87.7 to 100%, and
classifies this soils as saturated (Hypereutric). The
adsorption of hydrogen ions onto the strongly acidic
positions (Tca, Table 3) is found in the leached Smolnitsa
from the land of Bankya city to causes the destruction of
colloids and formation of exchangeable acidity (exch. Al). As
we mentioned above it is a result of the combined effect of
naturally and anthropogenicaly catalyzed acidification of the
humus horizon, and causes a slight degradation of its
physicochemical properties. Even in this horizon the degree
of saturation with bases remains above 85% (Table 3),
which determines the soils as saturated along the entire
depth.

CONCLUSIONS

Studied Pellic Vertisols (Aric, Hypereutric, Humic,
Amphygleyic) from the Sofia soil province are rich colloidal
and saturated soils with moderate humus content and deep
humus horizons. The major morphological hallmarks of the
soils are stable and unchanged during their long-lasting
cultivation but compaction established between 45 and 55
cm of both pedons could be considered a sign of modern
anthropogenic alteration of soils. Among chemical
parameters pH and sorption capacity are also an effective
“barometer” of soil alteration and can be used as indicators
of the degree of anthropogenic impact. They show thatas a
result of the combined effects of the naturally occurring

process of soil leaching and agricultural practices, the acid
degradation of A-horizons of the moderately leached
Smolnitsa from the land of Bankya city take place. The
degradation processes cause the destruction of clay minerals
and reduce their sorption capacity in contrast to the AC and
C horizons where clays are unaffected by these processes.
The large depth of the humus horizon reduce the
possibilities for performing fast actions to limit chemical
degradation. Still, these data are concrete example and a
basis for revision of the agricultural practices applied on
Vertisols.

REFERENCES

[1]Banov M., V. Tsolova, L. Totev, P. Ivanov. 2013. Handbook
for studding and reclamation of technogenic and disturbed
lands and soils, technical liquidation and conservation of
mining sites (Ed. T. Trifonova). ISBN 978-954-92592-7-8,
Sofia 98 p.

[2]Barrow N.J.1986. Reaction of Anions and Cations with
Variable-Charge Soils, Advances in Agronomy, Volume 38,
Pages 183-230.

[ 3]1BDS ISO 10381-2:2005. Soil quality - Sampling - Part 2:
Guidance on sampling techniques.

[4 1BDS ISO 10381-4:2005. Soil quality - Sampling - Part 4.
Guidance on the procedure for investigation of natural, near-
natural and cultivated sites.

[5 ]1BDS ISO 11464: 2012. Pretreatment of samples for
physico-chemical analysis.

[6]Belova, N.A, A.XK. Balalaev. 2007. Dynamic
micromorphology as a new direction in soil research.
Gruntoznavstvo, v. 8, no. 3-4. 28.

[7]Bronick, C. ], R. Lal, 2005. Soil Structure and
Management: a Review. -Geoderma124: 3-22.

[8]Dimitrov D. 1967. Soil-agrochemical characteristics of
land of TKZS “D. Blagoev*. Archive of ISSAPP “N. Pushkarov”,
Sofia, 45 p.

[9]Dinev, N., R. Donkova, L. Dimova. 2005. Assessment of
biological indicators in heavily loaded soils. In: Collection of
scientific papers from the national conference with
international participation "Management, Use and
Conservation of Soil Resources”, PublishScieSet-Eco-
Publisher, Sofia, 437-440.

[10]Filcheva E., C. Tsadilas. 2002. Influence of Clinoptilolite
and Compost on Soil Properties. Communications of Soil
Science and Plant Analysis, 33, 3-4, 595-607.

[11]Ganev, S. 1990. Advanced soil chemistry. Science and
Art, Sofia. 371 p.

© 2018,IRJET | ImpactFactor value: 6.171 |

IS0 9001:2008 Certified Journal |

Page 3398


http://www.sciencedirect.com/science/journal/00652113
http://www.sciencedirect.com/science/journal/00652113/38/supp/C

‘, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 05 Issue: 05 | May-2018 www.irjet.net

p-ISSN: 2395-0072

[12]Ganev, S., A. Arsova, 1980. Method for determining the
strongly acid, and weakly acid cation exchange in soil. Soil
Sci. Agrochem., 15(3), 22-33 (In Bulg.).

[13]Gurov, G. and N. Artinova, 2015. Textbook on Soil
Science, second ed., Plovdiv, 257 pages ISBN 978-619-7220-
01-8.

[14]1SO 10390: 2010. Soil quality - Determination of pH.

[15]Kachinskii N.A., 1958. A mechanical and micro-aggregate
composition of soil, methods of its study. Publishing of the
USSR Academy of Sciences. Moscow. p. 191.

[16]Kononova MM 1963. Organic substance of the soil.
Publishing house of the Academy of Sciences of the USSR.
Moscow. p.314

[17]Nikova 1., 2009. Physico-chemical properties and
meliorations of acidic soils. Dissertation for awarding
educational and scientific degree "Doctor", SSA, ISSPPA "N.
Pushkarov, Sofia, p. 164.

[18]Sposito, G., 2008. The chemistry of soil, Oxford
University press, p.321.

[19]Stanchev, L., D. Boboshevska, V. Velchev. 1977. Agro
chemistry. Ed. "Hristo G. Danov", Plovdiv, 407 p.

BIOGRAPHY

Assist. prof. PhD Ivona Nikova,"N.
Poushkarov" Institute of Soil Science,
Agro  technologies and Plant
protection, Dept. “Soil chemistry”,
Sofia, Bulgaria

© 2018, IRJET | ImpactFactorvalue: 6.171 |

IS0 9001:2008 Certified Journal

Page 3399



