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Classification of Rendzina soils in Serbia according to the
WRB system

Svjetlana Radmanovi¢*, Ljubomir Zivoti¢, Natasa Nikoli¢, Aleksandar Dordevié

University of Belgrade - Faculty of Agriculture, Departman of Pedology and Geology, Belgrade, Serbia
*Corresponding author: scupac@agrif.bg.ac.rs

ABSTRACT

According to soil classification system used in Serbia (Skorié, Ciri¢ and Filipovski, 1985) Rendzina is a
soil type within the order of automorphic soils and the class of humus-accumulative soils with an Amo-
AmoC-C-R profile, which is developed on parent rock containing more than 20% of calcareous
material. Rendzinas are divided onto subtypes - according to the parent material: (i) marl, marly
limestone and soft limestone, (ii) loess and loess like sediments, (iii) dolomite sand, (iv) moraine; on
varieties - according to stadium of evolution: (i) calcareous, (ii) decarbonated, (iii) brunified, (iv)
colluvial, and forms - according to texture and coarse fragments content. Throughout the world, the
term Rendzina (and Pararendzina) is used to denote soils formed on different calcareous parent
material and it generally corresponds with Rendzic Leptosol of the WRB soil classification system.
Rendzinas on marl, marly limestone and soft limestone is the most widespread subtype in Serbia, and
the aim of this study was to precisely classify it according to the WRB 2015 system.

Total of 29 Rendzina soil profiles from different parts of Serbia were studied. Field and laboratory
investigations (soil depth, colour, coarse fragments, texture, structure, pH, soil organic carbon, base
saturation) were determined using methods recommended by the WRB system (except for base
saturation, where BaCl,, pH 8.1, was used instead of NH,OAc, pH 7).

According to soil classification system used in Serbia, from total of 21 soil profiles on soft limestone,
16 were calcareous variety (form: 8 loamy, low or medium skeletal and 1 clay, medium skeletal); 13
decarbonated variety (loamy, low skeletal); and 2 colluvial variety (loamy, low skeletal); and 8 profiles
on marl of which 7 were calcareous variety (loamy, low or medium skeletal), and 1 profile was
decarbonated variety (loamy, low skeletal).

According to WRB 2015 system, investigated Rendzinas were classificated to RSG of Leptosols (12
profiles), Regosols (10 profiles) and Phaeozems (7 profiles). Leptosols include Rendzinas with A-R
soil profile, where continuous rock (10 profiles on soft limestone and 2 profiles on marl) starting <15-25
cm from the soil surface. For calcareous Rendzina variety, combinations of the principal qualifiers
were: Rendzic, Rendzic Calcaric, and Skeletic Calcaric. The decarbonated variety matched the
diagnostic criteria for the Eutric principal qualifier. The supplementary qualifiers for Leptosols were
Loamic or Clayic, Aric and Humic.

Renzinas deeper than 25 cm, usually with A-AC-R soil profile, having a mollic diagnostic horizon were
classified to RSG of Phaeozems. For calcareous Rendzinas variety, combinations of the principal
qualifiers were: Rendzic Calcaric or Rendzic Skeletic Calcaric. The decarbonated Rendzinas variety
only matched criteria for the Leptic principal qualifier. Loamic and Aric supplementary qualifiers were
added to Phaeozems.

RSG of Regosols includes Rendzinas thicker than 25 cm, usually with A-AC-R soil profile, when
surface horizon does not match diagnostic criteria of a mollic horizon (in slightly crushed samples a
Munsell colour value of 23 moist, and < 5 dry, and a chroma of 24 moist). Surface horizons were more
than 20 cm deep (except for 2 profiles) and had over 0.6% (1.1-4.6%) soil organic carbon. For
calcareous Rendzinas variety combinations of the principal qualifiers were: Leptic Calcaric or Leptic
Skeletic Calcaric. For Colluvial Rendzinas variety (all calcareous) combination of the principal
gualifiers was: Leptic Colluvic Calcaric. Loamic and Aric and/or Humic supplementary qualifiers were
used for Regosols.

Soil depth caused the first differentiation between Leptosols and Phaeozems, and soil (moist) colour
caused the second differentiation between Phaeozems and Regosols. Somewhat brighter soil colour
of Rendzina/Regosols is a result of low soil organic matter content and/or high content of calcaric
material in the fine earth.

KEY WORDS: limestone; marl; Leptosols; Phaeozems; Regosols.
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INTRODUCTION

From its beginnings (Kubiena, 1953), the term Rendzina meant soils with A-C profile, developed on
limestone and dolomites, while the term Parazendzina meant soils developed on silicate-carbonate
substrates like: less, marl, fluvio-glacial material, alluvium, etc. In many national soil classifications
even today, the terms Rendzina and/or Pararendzina are used to denote soils formed on different
calcareous parent material (Avery, 1989; Florea and Munteanu, 2003; Némecek et al., 2001; LUunwos
et al., 2000; etc). The term Rendzina was used in the FAO soil maps of the world (FAO-UNESCO,
1974) since the establishment of World reference base for soil resources (WRB). According to the
Revised legend of FAO soil map of the world (FAO, 1988) and all WRB editions from 1998. to 2015.
(IUSS Working Group 2015), Rendzinas from many national soil classification systems belong to
reference soil group (RSG) of Leptosols developed on calcareous rocks. According to other literature
data (Krasilnikov and Arnold, 2009; Krasilnikov et al., 2013; Kyrylchuk, 2017; Shishkov and Kolev,
2014; zagorski, 2010) correlation of Rendzinas with the WRB soil classification system is much more
complex. Soils called Rendzinas correspond with Rendzic Leptosols in France, United Kingdom,
Austria, Switzerland, Poland, Czech, Romania and Ukraine; Rendzic Leptosols or Rendzic
Phaeozems in Germany, Slovakia, Hungary, Bulgaria, Cuba and Mexico. Soils called Pararendzinas
correspond with Phaozems (Calcaric) in United Kingdom and Austria; Leptosol (Calcaric) in Czech;
Leptosol (Calcaric), Regosol (Calcaric), Arenosol (Calcaric) and Phaeozem (Calcaric) in Germany;
Rendzic Phaeozems and Umbrisols (Calcaric) in Poland; and Cambisols (Calcaric) and Phaeozems
(Calcaric) in Slovakia.

According to soil classification system used in Serbia (Skorié et al., 1985) Rendzina is a soil type
within the order of automorphic soils and the class of humus-accumulative soils with an Amo-AmoC-C-
R profile. Rendzina includes soils developed on parent rock containing more than 20% of calcareous
material (except soils with a A-R profile developed on hard pure limestone or dolomite, which are
classified as a distinct soil type: Limestone-Dolomite Black Soil - Kalkomelanosol). Rendzinas are
divided into subtypes - according to the parent material: (i) marl, marly limestone and soft limestone,
(ii) loess and loess like sediments, (iii) dolomite sand, (iv) moraine; varieties - according to stadium of
evolution: (i) calcareous, (ii) decarbonated, (iii) brunified, (iv) colluvial, and forms - according to texture
and coarse fragments content.

As far as we know, available correlations of Rendzina soils in Serbia with WRB system (DPordevi¢
and Radmanovi¢, 2016; Dugali¢ and Gaji¢, 2012; etc.) are very superficial and generalized. The aim of
this study was to precisely classify some Rendzinas soil profiles according to the WRB 2015 system
(IUSS Working Group WRB, 2015).

MATERIAL AND METHOD

Total of 29 Rendzina soil profiles on marl, marly limestone and soft limestone (the most widespread
subtype in Serbia) from different parts of country were studied. They were found at altitudes starting
from 150 m near Lajkovac to 1200 m at the Sjenica-PeSter plateau. Most sites, i.e. those in Vojvodina,
eastern Serbia, Sumadija region and Pirot and Bela Palanka environs in south-eastern Serbia, are
located at up to 400 m asl. Altitudes exceeding 400 m were found in western Serbia, i.e. the Valjevo
environs, while sites in the area of NiS in south-eastern Serbia were found at over 700 m al. Flattened
areas at hill tops are used as arable land, while steep slopes are covered with forest and grass
vegetation.

Field and laboratory investigations (soil depth, color, coarse fragments, texture, structure, pH, soil
organic carbon, base saturation) were determined using methods recommended by the WRB system
(FAO, 2006; Van Reeuwijk, 2002), except for base saturation, where BaCl, (pH 8.1) was used instead
of NH4OAc (pH 7).

RESULTS and DISCUSSION

Soil characteristics and diagnostic horizons, properties and materials are presented in Table 1 and 2.
Soils classification according to system used in Serbia (Skori¢ et al., 1985) and WRB 2015 (IUSS
Working Group WRB, 2015) are presented in Table 3.

According to Skori¢ et al. (1985), from total of 21 soil profiles on soft limestone, 16 were
calcareous variety (form: 8 loamy, low or medium skeletal and 1 clay, medium skeletal); 13
decarbonated variety (loamy, low skeletal); and 2 colluvial variety (loamy, low skeletal); and 8 profiles
on marl of which 7 were calcareous variety (loamy, low or medium skeletal), and 1 profile was
decarbonated variety (loamy, low skeletal).
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According to WRB 2015, all investigated soil profiles contain soil organic carbon and mineral
diagnostic material and continuous rock as a diagnostic properties. All calcareous and colluvial
varieties contain Calcaric diagnostic material, while in the decarbonated variety it is absent. Mollic is
the single diagnostic horizon in 45% soil profiles. Surface horizons of other 55% profiles match all
diagnostic criteria of mollic horizon except for the soil colour.

According to WRB 2015 system, investigated Rendzinas were classified as RSG of Leptosols (41%
profiles), Regosols (35%) and Phaeozems (24%).

Leptosols include Rendzinas with A-R soil profile, where continuous rock (10 profiles on softy
limestone and 2 profiles on marl) staring < 15-25 cm from the soil surface. For calcareous Rendzina
variety, combinations of the principal qualifiers are: Rendzic, for soils having mollic diagnostic horizon
(220 cm depth) that directly overlies limestone containing = 40% calcium carbonate equivalent;
Rendzic Calcaric, for soil having mollic diagnostic horizon that directly overlies calcareous rock
containing = 40% calcium carbonate equivalent and having calcaric material (4.1% calcium carbonate
equivalent) throughout between 20 and continuous rock (<25 cm); Calcaric, for soils having calcaric
material (3-21.7% calcium carbonate equivalent) throughout between 20 cm and continuous rock.
Decarbonated variety having an effective base saturation 295.7% in a layer = 5 cm thick, directly
above continuous rock match the diagnostic criteria for the Eutric principal qualifier.
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Table 3
Classification of Rendzina soils

National classification -
Variety; form WRB 2015

Profile

Subtype: on marl, marly and soft
limestone

1 Calcareous; loamy, low skeletal Rendzic Calcaric Leptosol (Loamic)

2 Rendzic Leptosol (Loamic)

3 Rendzic Calcaric Phaeozem (Loamic)
4 Leptic Calcaric Phaeozem (Loamic)

5 Rendzic Leptosol (Loamic)

6 Rendzic Calcaric Phaeozem (Loamic)
8 Leptic Phaeozem (Loamic)

9 Rendzic Leptosol (Loamic, Aric)

11 Rendzic Leptosol (Loamic)

16 Rendzic Leptosol (Loamic)

19 Calcaric Leptosol (Loamic, Aric, Humic)

28 Leptic Calcaric Regosol (Loamic)

30 Leptic Calcaric Regosol (Loamic, Humic)

31 Leptic Calcaric Regosol (Loamic, Aric)

22 Calcareous; loamy, medium skeletal Rendzic Skeletic Calcaric Phaeozem (Loamic)
18 Calcareous; clay, medium skeletal Leptosol (Clayic, Humic)

7 Decarbonated; loamy, low skeletal Leptic Phaeozem (Loamic)

17 Eutric Leptosol (Loamic, Humic)

20 Eutric Leptosol (Loamic, Humic)

21 Colluvial; loamy, low skeletal Leptic Colluvic Calcaric Regosol (Loamic, Aric, Humic)
27 Leptic Colluvic Calcaric Regosol (Loamic, Aric, Humic)
14 Calcareous; loamy, low skeletal Leptic Calcaric Regosol (Loamic, Aric, Humic)

24 Leptic Calcaric Regosol (Loamic, Aric)

12 Calcareous; loamy, medium skeletal Calcaric Leptosol (Loamic, Humic)

13 Leptic Calcaric Regosol (Loamic, Humic)

15 Leptic Calcaric Regosol (Loamic, Humic)

23 Leptic Skeletic Calcaric Regosol (Loamic, Humic)
29 Leptosol (Loamic, Humic)

10 Decarbonated; loamy, low skeletal Leptic Phaeozem (Loamic, Aric)

*According to coarse fragments content in % by mass (data not shown)

The supplementary qualifiers for Leptosols were Loamic or Clayic, Aric for soils being ploughed to
a depth of = 20 cm from the soil surface, and Humic for Leptosols which do not match criteria for the
mollic diagnostic horizon but have 2.1-4.6% soil organic carbon in the fine earth fraction as a weighted
average from soil surface to continuous rock.

Renzinas deeper than 25 cm, usually with A-AC-R soil profile, having a mollic diagnostic horizon
were classified as RSG of Phaoezems. For calcareous Rendzinas variety, combinations of the
principal qualifiers were: Rendzic Calcaric dominant and Rendzic Skeletic Calcaric in only one profile;
Rendzic for soils having mollic diagnostic horizon (0-30 cm depth) that directly overlies limestone
continuous rock or overlies calcaric material (AC transition horizon) both containing = 40% calcium
carbonate equivalent; Skeletic for soil having 41.4% (by volume) coarse fragments, avaraged from the
soil surface to continuous rock and Calcaric for soils having calcaric material (5.5-40.6% calcium
carbonate equivalent) throughout between 20 cm and continuous rock; and Leptic Calcaric for soil
having limestone countinous rock starting < 30 cm from the soil surface and mollic horizon (0-30 cm
depth) overlies transitional AC horizon having 1.6-3.1% calcium carbonate equivalent (do not match
criteria for a Rendzic qualifier). Decarbonated Rendzinas variety only matches criteria for Leptic
principal qualifier, having limestone or marl countinous rock starting <30 cm from the soil surface.
Loamic and Aric supplementary qualifiers are added to Phaeozems.

RSG of Regosols includes Renzinas thicker than 25 cm, usually with A-AC-R soil profile, when
surface horizon does not match diagnostic criteria for a mollic horizon (in slightly crushed samples a
Munsell colour value of 23 moist, and < 5 dry, and a chroma of 24 moist). Surface horizons were more
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than 20 cm deep (except for 2 profiles) and had over 0.6% (1.1-4.6%) soil organic carbon. For
calcareous Rendzinas variety, combinations of the principal qualifiers are: Leptic Calcaric dominant
and Leptic Skeletic Calcaric, in only one profile. For Colluvial Rendzinas variety (all calcareous),
combination of the principal qualifiers are: Leptic Colluvic Calcaric. Leptic - continuous rock (soft
limestone or marl) starting at <30-63 cm from the soil surface, Calcaric - calcaric material between 20
cm and continuous rock contains 3.2-51.6% calcium carbonate equivalent and Skeletic content 44%
(by volume) coarse fragments, avaraged from soil surface to continous rock. Two profiles of Colluvial
Rendzinas have colluvic material 60-63 cm thick, starting from the soil surface. Soils were found on
foot slopes and the material is not of fluviatile, lacustrine or marine origin. Coarse fragments content
decreasing with soil depth probably can be a result of colluvial origin of soils. Loamic and Aric and/or
Humic supplementary qualifiers are used for Regosols.

According to literature data (BaSi¢, 2013; Krasilnikov and Arnold, 2009; Krasilnikov et al., 2013;
Kyrylchuk, 2017; Nestory, 2007; Shishkov and Kolev, 2014; Zagérski, 2010) Rendzinas in most
countries belong to Rendzic Leptosols, and, less, to Rendzic Leptosols or Rendzic Phaeozems.

Pararendzinas include soils on different silicate-carbonate substrates and their comparison is much
more complex: most Phaeozem (Calcaric) or Rendzic Phaeozems, then Leptosol (Calcaric), and rarely
Regosol (Calcaric), Arenosol (Calcaric), Umbrisols (Calcaric) and Cambisols (Calcaric). Cited authors
made general comparison between national soil classifications and WRB system and there did not
show numerical values of soil characteristics. Therefore, comparison of the obtained results with
literary data is difficult. Rendzinas in Serbia (Skori¢ et al., 1985) correspond with Rendzinas in the
world (except those developed on hard pure limestone and dolomite) and Pararendzinas (developed
on loess and loess like sediments, dolomite sand and moraine, with A horizon thickness up to 40 cm).
Obtained data comply with Krasilnikov et al. (2013) that 25 cm depth caused differentiation between
Leptosols and Phaeozems. The principal qualifiers used for Leptosols comply with literature data
(Krasilnikov and Arnold, 2009; Krasilnikov et al., 2013; Kyrylchuk, 2017; Shishkov and Kolev, 2014;
Zagorski, 2010), while for Phaeozems along with Rendzic and Calcaric, Leptic was used for soils
having limestone or marl countinous rock starting <30 cm from the soil surface and mollic horizon (O-
30 cm depth) overlies transitional AC horizon having less than 40% (or 0%) calcium carbonate
equivalent (does not match criteria for a Rendzic qualifier). Krasilnikov and Arnold (2009) classified
Pararendzinas as Calcaric Regosols. Along with Calcaric principal qualifier, Leptic and Colluvic
qualifiers were used. Soil (moist) colour caused the second differentiation between Phaeozems and
Regosols. Somewhat brighter soil colour of Rendzina-Regosols is a result of low soil organic matter
content and/or high content of calcaric material in the fine earth fraction.

The most of the investigated Rendzinas on soft limestone belong to Leptosols (48%), then to
Phaeozems (28%) and Regosols (24%). The most of Rendzinas on marl and sandy marl belong to
Regosol (63%), then to Leptosols (25%) and Phaeozems (12%). From the previous, it can be
assumed that the marl parent material has affected soil colour of Rendzinas-Regosols.

Most of the investigated Rendzinas soil profiles belong to calcareous variety (79%), less to
decarbonated (14%) and colluvial (7%). Calcareous Rendzinas correspond to Leptosols (43%),
Phaeozems (26%) and Regosols (35%); decarbonated variety to Leptosols (50%) and Phaeozems
(50%); and colluvial variety (calcareous too) to Regosols. Rendzinas varieties have influenced the
principal qualifiers: Leptic is assigned to all varieties; Rendzic, Calcaric and Skeletic to calcareous
variety (Calcaric to Colluvic variety too); Eutric only to decarbonated variety; and Colluvic only to
colluvic variety.

Rendzinas forms according to soil texture correspond with WRB 2015 supplementary qualifiers.
Rendzinas forms according to coarse fragments (% by mass) do not correspond with the Skeleic
principal qualifier (% by volume).

This study did not include other three Rendzinas subtypes: on loess and loess like sediments,
dolomite sand and moraine; and brunified variety. Their future classification according to the WRB
2015 system will give even more complex composition of the RSG, principal and supplementary
qualifiers.

CONCLUSIONS
All investigated soil profiles contain soil organic carbon and mineral diagnostic material and continuous
rock as a diagnostic property. Mollic is the only diagnostic horizon in 45% soil profiles.

According to WRB 2015 system, investigated Rendzinas were classified as RSG Leptosols (41%
profiles), Regosols (35%) and Phaeozems (24%). In different combinations, some of next principal
qualifiers were applied: Rendzic, Calcaric and Eutric for Leptosols; Rendzic, Leptic, Skeletic, and
Calcaric for Phaeozems; and Leptic, Skeletic, Colluvic and Calcaric for Regosols. Loamic or Clayic,
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and sometimes Aric (for arable land) supplementary qualifiers were used for Leptosols; Loamic and
sometimes Aric for Phaeozems; Loamic and sometimes Aric and/or Humic for Regosols.

Soil depth caused the first differentiation between Leptosols and Phaeozems, and soil (moist)
colour caused the second differentiation between Phaeozems and Regosols. Somewhat brighter soil
colour of Rendzina-Regosols is a result of low soil organic matter content and/or high content of
calcaric material in the fine earth. Rendzinas varieties have influenced the choice of principal qualifiers
for all three RSGs. Rendzinas forms according to soil texture correspond with WRB 2015
supplementary qualifiers, while forms according to coarse fragments do not correspond with the
Skeleic principal qualifier.
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ABSTRACT

The subject of this study are the soils (calcomelanosol, calcocambisol and regosol) in the area of the
Neretva River Delta around the Kuti Lake. The objective of this work was to determine geochemical
and mineralogical properties of calcomelanosol, calcocambisol and regosol for better understanding
weathering processes of source materials.

Chemical, mineralogical and geochemical analysis of the collected soils were carried out in order to
determine their properties, such as soil reaction (pH), electrical conductivity, content of carbonates.
Organic material was removed from the fraction <2 mm using two methods, H,O,, and NaOCI.
Following that, the content of TOC was measured in order to determine the effectiveness of these two
methods. The presence and importance of Fe-oxide was measured using the dithionite and oxalate
treatment. Mineralogical characteristics were determined by the help of XRD. Sequential extraction
analysis was made to determine the main binding site of trace metals in the soil, and evaluate their
ability to evaluate the bioavailability and remobilisation. The analyses were performed according to the
BCR procedure and proportions of elements were determined in four fractions: (1) carbonate, (2) the
fraction of Fe-Mn oxide and hydroxide, (3) organic-sulphide, and (4) residual fraction. The following
elements were measured: Cu, Mn, Zn, Co, Cd, Ni, Cr, Pb. The extracts obtained by dithionite
treatment, oxalate and the sequential extraction analysis were measured by atomic absorption
spectrometry.

Calcomelanosol and calcocambisol soils have slightly acid pH, while in regosol is slightly alkaline.
Proportion of well crystallized is higher than poor crystallized Fe oxides. Phyllosilicates are dominant
mineral phase in calcomelanosol and calcocambisol. Beside this mineral, quartz and mica minerals
are also present in analysed soils. Most of analysed elements are bound to residual fraction. Cadmium
has higher concentration in organic sulphide fraction.

KEY WORDS: calcomelanosol; calcocambisol; regosol; mineralogical and geochemical properties;
Kuti Lake

INTRODUCTION

Geochemical and mineralogical properties of soils may give an insight into the influence of factors
determining weathering rates. The investigate area is built of carbonate and dolomite rocks and flysch
sediments. Regosol are formed mainly on unconsolidated parent substrate and marl, limestone and
flysch. Regosol on flysch is widespread throughout the Adriatic region and islands (Basi¢, 2013).
Regosol development is totally influenced by the properties of parent material (Hristov, 2016). The
main component that determine the soil reaction in these soils are carbonates (Hristov, 2014).
Calcomelanosol occurs only on limestone or dolomite rocks. The dominant process of Calcomelanosol
genesis is dissolution and leaching of calcium and magnesium. Calcocambisol is formed by dissolving
calcite and/or dolomite and by accumulation of insoluble residue on stable relief positions protected
from water and wind erosion (Basi¢, 2013). Heavy metal retention by soils can be evaluated by
investigating their partitioning among the various geochemical phases (Navas and Lindhorfer, 2005).
The partitioning of metals in soils is element specific and depends on soil properties such as soil pH,
organic matter, clay, and oxide concentrations (Brimmer et al., 1986). The subject of this study are
the soils (Calcomelanosol, Calcocambisol and Regosol) in the area of the Neretva River Delta around
the Kuti Lake. The objects of this research was: a) to determinate geochemical and mineralogical
properties of Calcomelanosol, Calcocambisol and Regosol for better understanding weathering
processes of parent materials and b) to study the mobility of selected heavy metals in investigated
soils.
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MATERIALS and METHODS
Field research was conducted in the area of Kuti Lake, which is located near Metkovi¢ town in Croatia.
The field research consisted of sampling and description of soils.

Three disturbed soil samples (0-25 cm) for laboratory analysis were collected from
Calcomelanosol, Calcocambisol and Regosol soils. Soil samples were air-dried and passed through a
2 mm sieve for laboratory analysis.

Chemical, mineralogical and geochemical analysis of the collected soils were carried out in order to
determine their properties, such as soil reaction (pH), electrical conductivity and content of carbonates.
The presence of Fe-oxides was determined based on iron extractable with Na—dithionite—citrate
bicarbonate (both well and poorly crystallized Fe-oxide phases; Fey) and iron extractable with
ammonium oxalate (poorly crystallized Fe-oxide phases; Fe,) after the method of Mehra and Jackson
(1960). Mineral composition was determined using XRD analyses. Sequential extraction analysis of
heavy metals was made to evaluate their bioavailability and remobilisation. The analyses were
performed according to Rauret et al. (2001) and proportions of elements were determined in four
fractions: (1) carbonate, (2) the fraction of Fe-Mn oxide and hydroxide, (3) organic-sulphide, and (4)
residual fraction. The following elements were measured: Cu, Mn, Zn, Co, Cd, Ni and Cr. The extracts
obtained by dithionite treatment, oxalate and the sequential extraction analysis were measured by
atomic absorption spectrometry (AAnalyst 700, Perkin Elmer).

RESULTS and DISCUSSION

Table 1 present physical and chemical characteristics of Calcomelanosol, Calcocambisol and Regosol
type of soils. Values of pH vary from 6.41 to 7.18. Calcocambisol and Calcomelanosols belongs to
slightly acid while Regosol to slightly alkaline to neutral soil. Hamidovic et al. (2013) and Milo$ and
Bensa (2014) also reported similar pH values for Calcocambisol soils. Electrical conductivity is the
highest in Calcomelanosol, and the smallest in Regosol, due to their geochemical and mineralogical
properties. Carbonate content of investigated soils vary. Milo§ and Bensa (2014) reported similar
carbonate content for Calcocambisol soils. The highest proportion is determined in Regosol due to
their source material. Fe,/Feq ratio is low indicating prevalence of well crystallized iron oxides (Table
1). Merkli et al. (2009) found similar proportion of Fe oxides in Calcomelanosol and Calcocambisol
soils. On the contrary, Mn,/Mn ratio indicate prevalence of poorly crystallized Mn-oxides (Table 1).

Table 1
Physical and chemical properties of the investigated soils. Units for Fe are in mass.%, while for Mn are
in mg/kg.

Soil type z':cl) 25“% om) (C(:)Zl)cog Feq | Feq Fe,/Feq | Mng Mn, | Mny/Mny
Calcomelanosol | 6.67 | 171.2 0.57 3.80 | 0.67 | 0.18 737 591 | 0.80
Calcocambisol 6.41 | 124.2 0.78 3.90 | 0.71 | 0.18 694 561 | 0.81
Regosol 7.18 | 1235 49.68 |0.62|0.11 |0.18 210 90 0.43

Phyllosilicates are dominant mineral phases in Calcomelanosol and Calcocambisol (Table 2). Both
soil types contain chlorite and/or kaolinite as dominant phyllosilicate mineral phases while mica and
mixed-layer clay minerals are subordinate. Regosol is dominated by calcite, while main phyllosilicates
are mica, 14 A phylosillicates and mixed-layer clay minerals. Raitevi¢ et al. (2016) found similar
mineral composition of Calcocambisol and Calcomelanosol in their study. The similar mineralogical
composition reported by Hristov et al. (2010) in their study of Regosols.
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Table 2

Semi-quantitative mineral composition of the <2 mm fraction of soils. Legend: Q-quartz; Cal-calcite;
Dol-dolomite; Pl-plagioclase; Kfs-pottasium feldspars; M-mica minerals; Gt-goethite; Hem-hematite;
KIn-kaolinite; Chl-chlorite; 14 A-14 A phylosillicates; MM-mixed-layer clay minerals; AM-amorphous
matter; + = mineral is present in the sample; ++-major mineral content (10-20 mass. %);+++-dominant
mineral content (>20 mass. %);--mineral is not present in sample; ? = mineral is probably present in
the sample but due to the low content and/or overlapping of diffraction peaks cannot be confirmed with
certainty.

Soil Qtz[cCal [ Dol |PI[Kis [ M| Gt [Hem [ Kin [cChi| 14A [ MM [ AM
+ +++

Calcomelanosol | 16 3 2 4 2 | ++ | Gtand/or Chl and/or ? ++ | ++
Hem Kin
+ +++

Calcocambisol 15 - - ? ? | ++ | Gtand/or KIn and/or ? ++ +i+
Hem Chl

Regosol 11 | 50 - 21 ? | ++ ? ? ++ +

The highest Mn concentration is determined in FEMN fraction of Calcocambisol (Fig. 1a). The
similar values of manganese determined by RedZi¢ et al. (2014) in their study of Calcocambisol. Total
concentrations of Zn varies between 105.6 to 190.2 mg/kg (Fig. 1b). Total concentrations of 170 mg/kg
of zinc is determined. Dvofak et al. (2003) measured similar concentrations of zinc in Calcocambisol.
After RES fraction, Zn is bound to OR fraction. Zinc is bound to CARB fraction only in Calcomelanosol.
Total concentrations of Co varies between 5.32 to 16.90 mg/kg (Fig. 1c). After RES fraction, Co is
bound to FEMN fraction. Cobalt is bound to CARB fraction only in Regosol. The maximum Cd
concentrations are determined in OR fraction (Fig. 1d). The Cd distribution for all fractions is same in
Calcomelanosol and Calcocambisol. Total concentrations of Ni varies between 81 to 145 mg/kg (Fig.
1e). All samples show same trend of Cr in fractions (Fig. 1f). After residual fraction, chromium is bound
to the organic fraction. This agrees with findings by Balasoiu et al. (2001) that reported high retention
of Cr in organic fraction in soils.

Total concentrations of Cu varies between 52.27-54.80 mg/kg (Fig. 1g). After RES fraction, Cu is
bound to OR fraction. Cu is bound to FEMN fraction only in Calcomelanosol. Pakuta and Kalembasa
(2013) in Calcocambisol reported the highest concentration of Cu in the residual fraction, and the
lowest in the carbonate fraction.
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Figure 1. a) Distribution of Mn in fractions of soils; b) distribution of Zn in fractions of soils; c)
distribution of Co in fractions of soils; d) distribution of Cd in fractions of soils; e) distribution of Ni in
fractions of soils; f) distribution of Cr in fractions of soils; g) distribution of Cu in fractions of soils.
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CONCLUSIONS

Calcomelanosol and Calcocambisol soils have slightly acid pH, while in Regosol is slightly alkaline to
neutral. Fe,/Feq ratio is low in all soil typed and indicates prevalence of well crystallized iron oxides.
Both Calcomelanosol and Calcocambisol contain chlorite and/or kaolinite as dominant phyllosilicate
mineral phases while mica and mixed-layer clay minerals are subordinate. Regosol is dominated by
calcite, while main phyllosilicates are mica, 14 A phylosillicates and mixed-layer clay minerals. Most of
analysed elements are bound to residual fraction. Cadmium has higher concentration in organic
sulphide fraction due to its affinity to organic matter which is in line with mineralogical composition.
The metal retention in studied soils can be put in the following order:
Calcocambisol>Calcomelanosol>Regosol.
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ABSTRACT

Copper is one of the most essential trace element for plants and animals. The character of parent
material has the greatest impact on the copper content in the soils. The artificially introduction in the
soil of Cu is in various ways: by precipitation from the atmosphere (particularly in the vicinity smelting
ferrous metal), using a variety of waste sludge, as well as beneficial to the agricultural materials
(fungicides-"Bordeaux mixture”, a spreader, solid and liquid manures). Thus leads to the
contamination of soil, when the total content of Cu exceeds the limit value of 100 mg/kg. When the Cu
of natural origin in the plot, it is for the most part is bonded in the crystal lattices of the minerals and in
attached form on oxides of Mn, Fe, and Al. The characteristics of Cu is to be stronger than the other
trace elements (Mn, Zn) associated in a complex with an organic substance, leading to the occurrence
of the lack of available Cu to the plants in the soil very rich in organic matter (peat soil). Available
forms for plants in the soil has at least a copper (Cu in solution and adsorbed on the colloid
exchangeable). In the case of the artificial introduction of Cu in the plot, due to the tight attachment
with an inorganic or organic materials, lags far behind the most part in the upper soil horizon and its
contents were significantly reduces the depth.

The aim of this work is detailed examination of the state of copper in Serbia Smonitzas and giving
score to this type of soil in relation to plants supply with this element.

The investigations were conducted on Vertisols (Smonitza) type of soil taken from the Ap horizon
at ten different localities in Serbia: (1) Milutovac, (2) Pristina, (3) Trnava, (4) Rekovac, (5) Vranje
(Neradovac), (6) Zajecar, (7) Bela Crkva, (8) Blace, (9) Salas and (10) Kragujevac. The sub-samples
were air-dried, crushed in a porcelain mortar with a pestle to 1 mm particle size, were determined the
chemical and physical soil properties by common analyzing methods, in use in our country in
preparation for a greenhouse experiment designed to determine plant availability of Cu in soil.

The pseudo-total content of copper was determined by atomic adsorption spectrophotometry after
digestion of soil samples with conc. HNO; and then treated with H,O,. The content of the available
copper was determined by AAS spectrophotometry, after the extraction from soil with different
extraction techniques: 0,1N HCI, 0.005M DTPA and 1N NaOAc.

In addition a vegetation experiment in pots was performed in Vertisol soils taken from 10 above
mentioned locations. The plants were followed 45 days in controlled laboratory conditions. Water was
added to obtain optimal humidity. After 45 days the plants were dug up, rinsed with destiled water, and
dried at room temperature in a dryer at t=70°C. The dried plants were ground into a powder and
content of Cu in oats was determined by AAS method, after digestion with tri-acid mixture HNO3,
HCIO, and H,SO, According to recorded content of the total Cu in the analyzed Smonitzas one can
speak of its natural, geochemical origin, as found from the mean value of 36.9 mg/kg for the meadows
and 29.8 mg/kg for the arable land, as well as the value of the total of the Cu individual samples, with
some variations, are within normal values for unpolluted soil. The content available copper, based on
three different extraction techniques, showed that the test smonitzas accomplished by the limit values,
according to Ankerman, 1977, high and very high levels. That says it all about the high provision to a
very affordable Cu tested Smonitza and in this regard there will not be problems in growing plants in
these lands. Based on the results of state of the trace elements Cu in Serbia Smonitzas the following
conclusion can be made that in the test Smonitzas total Cu content ranged from 17 to 74 mg/kg.

KEY WORDS: smonitzas, cooper, extraction, oats

INTRODUCTION

Copper is one of the most essential trace element for plants and animals. The character of parent
material has the greatest impact on the copper content in the soils. The artificially introduction in the
soil of Cu is in various ways: by precipitation from the atmosphere (particularly in the vicinity of
smelting ferrous metal), using a variety of waste sludge, as well as beneficial to the agricultural
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materials (fungicides-"Bordeaux mixture", a spreader, solid and liquid manures). This leads to the
contamination of soil, when the total content of Cu exceeds the limit value of 100 mg/kg.

Naturally occuring Cu in the soil is for the most part bonded in the crystal lattices of the minerals
and in attached form on oxides of Mn, Fe, and Al. The presence of Cu should be more pronounced
than other trace elements (Mn, Zn). The fact that it readily makes complexes with organic substances
leads to the lack of available Cu in the sail rich in organic matter (peat soil). The most common forms
of Cu in soil solutions are soluble organic chelates of this metal.

The behavior, phyto bioavailability and toxicity of Cu are influenced by its species, and are not a
function of its total concentration (Allen, 1993). Several soil properties control the Cu solubility and
thus bioavailability such as pH, oxidation and reduction potential, soil organic matter (SOM), soll
texture, mineral composition, temperature, and water regime.

The mobility of Cu is especially reduced in the presence of large mineral colloids with Fe—Al-
oxyhydroxide coatings, by oxyhydroxide particles of Al, Mn, Fe, and by organic matter (Kabata-
Pendias and Sadurski, 2004). Dissolved organic matter has a great affinity to fix Cu and thus to inhibit
its sorption in soils. These phenomena are attributed to the formation of soluble Cu-organic complexes
(Zhou and Wong, 2003). Determination of the chemical forms of the trace elements related to soil
indicates their potential mobility and availability to the plants. The total content of trace elements in the
soil do not show a good correlation with their biological availability, but these data are useful for
legislation which evaluate soil contamination. Single or sequential methods are being used to assess
the potential of affordable and available fraction of trace elements in the soil.

In the case of the artificial introduction of Cu in the soil, due to the tight attachment with an

inorganic or organic materials, lags far behind the most part in the upper soil horizon and its contents
were significantly reduces depth (Delas, 1963). Ninkov et. al. (2010) has noted that of the Vojvodinian
vineyard soils are contaminated with the cooper due to long-term intensive application of copper
based fungicide. The highest concentration of Cu 336 mg kg™ was noted in surface layer of soil, which
is three times the value of maximum allowable concentration MAC (100 mg kg-1). It is especially
unfavourable that 23 % of all analysed vineyard soils surface layers are in critical concentration zone
(>60 mg kg-1) and 33 % exceed maximum allowable concentration MAC.
The total Cu concentration in Vertisols of the region of Turkey varied from 33.54 to 73.40 mg kg™.
Apparently, the total cooper concentrations were highest in the surface horizon and lowest in the lower
horizon. Also, higher DTPA extractable concentrations Cu are found in the surface horizon and
decreased with depth. The values of Cu ranged from 4.14 to 8.93 mg kg'l ( Cumhur Aydinalp and
Malcolm Cresser, 2003).

The study of the condition of useful micro-elements in the soil was started a few decades ago in
our country. Results for total and available contents of micro-elements, their dynamic in the soil,
determination methodology as well as border values of their availability were presented in papers of
numerous authors (Bogdanovi¢ et al., 1973; Jakovljevi¢ et al., 1983; Jakovljevi¢ i Blagojevi¢, 1997;
Milivojevi¢ 2003, Milivojevic et al., 2012, 2013). It was concluded that the investigation on this area
should be expanded and intensified.

The aim of this work is detailed examination of the state of copper in Serbia Smonitzas and giving

score to this type of soil in relation to plants supply with this element.

MATERIAL AND METHOD

Samples were taken from Vertisol (WRB Clasification 2014, 2015) in the Ap horizon at ten different
locations in Serbia: 1) Milutovac, 2) Pristina, 3) Trnava, 4) Rekovac, 5) Vranje (Neradovac), 6) Zajecar,
7) Bela Crkva, 8) Blace, 9) Sala$ and 10) Kragujevac (Fig.1, Table 1). Sub-samples were taken from
arable land and meadow ecosystems, from a depth of 0 to 20 cm, after which they were air-dried and
crushed in a porcelain mortar up to particles of 2 mm in size. The research area is under various
vegetables small grains (wheat, rye, barley oats).

The basic physical and chemical properties of soil were determined using standard methods (Soil.
Sci. Yug., 1966). Soil pH was determined in a suspension with water and 1M KCI mixture, with the ratio
of soil/solution 1:2.5 after a 0.5 — hour equilibration period, using a pH metre pH-TAR MA 5705
(Iskra, Kranj, Slovenia).; the organic content was determined using the humus method by Kotzmann, the
available P,0Os and K,O content was determined using the Al method by Egner-Riehm, cation
exchangeable capacity (CEC) was determined using the method with 1 M NH4OAc, pH 7, and patrticle
size distribution was determined by a pipette method (YSSS, 1966).

The total content of Cu was determined by atomic adsorption spectrophotometry (AAS, model Perkin—
Elmer 3300/96, MHS-10) (Krishnamurty et al., 1976), after digested soil samples with conc. HNO3; and
then treated with H,O,. The content of the available Cu was determined by AAS spectrophotometry,
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after the extraction with different reagents 0.1 M HCI (McKeague, 1978), 0.005 M DTPA (Lindsay and
Norvell, 1978), and acid solution of NaOAc (Tessier et.al., 1979).

Extraction with 1M NaOAc. An amount 10 g of soil sample were added to 80 ml 1M NaOAc
adjusted to pH 5.0 with acetic acid and agitated for 5 h at room temperature and then filtered using
Whatman No. 42 filter paper.

Extraction with 0.1 M HCI. Weighted 10 g of soil sample into in plastic containers and overflow
with 100 ml of solution 0.1 M HCI, then shaking on a rotary shaker for 1 hour and filtering.

7. Bela Crkva

10. Kragujevaci

5 . ; 6. Zajedar
|
o |

Figure 1 Geographical location of the investigated soil samples in the Republic of Serbia

The DTPA extractable metal content was determined using a mixture of 0.005 mol L' DTPA, 0.01
mol L™ CaCl,, 0.1 mol L™ triethanolamine (TEA) with pH adjusted to 7.3 with mol L™ HCI solution. An
amount of 10 g of soil sample was weighted into a 125 mL flask, and shaken for 2 h at room
temperature using a magnetic shaker with 20 m of DTPA extracting solution. The extracts was filtered
and diluted to 100 ml with ultrapure water.

In addition a vegetation experiment in pots was performed in Vertisol taken from 10 abov
mentioned locations. Soil samples, taken from arable land and meadows from a depth of 0-20 cm first
air dried, ground and the size of particles of soil samples used in the vegetation experiment was
determined. The experiment was conducted using “Slavuj’ oats (Avena sativa L) cultivated with 15
seeds per pot u triplicate; after two weeks the plants were thinned to ten seedlings per pot. The plants
were followed 45 days in controlled laboratory conditions. Water was added to obtain optimal humidity.
After 45 days the plants were dug up, rinsed with destiled water, and dried at room temperature in a
dryer at £=70°C. The dried plants were ground into a powder. For total heavy metal concentrations in
plant samples, 1 g of samples was taken into a 100-ml cid washed beaker and 15 ml of tri-acid mixture
(70 %) high purity HNO3, 65 % HCIO, and 70 % H,SO,; (5:1:1) was added (Allen et al. 1986). The
mixture was then digested at 80 °C till transparent solution was achieved. After cooling, the digested
samples were filtered using Whatman No. 42 filter paper and the filtrate was diluted to 50 ml with
deionised water. Determination of Cu in the filtrate was achieved by atomic absorption
spectrophotometer Perkin-Elmer 3300/96, model MHS-10 (Perkin-Elmer, Santa Clara, California,
USA). Quantification was carried out using appropriate calibration curves obtained for standard
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element solutions in the same acid matrix. All hemicals used in the sample treatments were of
ultrapure grade. The glassware was cleaned prior to use by being soaked overnight in 10% v v'* HNO;
(Suprapur, Merck) and rinsed with Milli-Q water.

Table 1
Sampling locations

Location Latitude Longitude Altitude Tecture classes
(North) (East) (m.a.s.l)  Arable land Meadow
Milutovac 430 41' 10" 21°07' 22" 272 medium clay  light clay
Pristina 420 39' 52" 21°09' 54" 652 heavy clay medium clay
Trnava 44°11' 00" 20° 46' 00" 299 medium clay  heavy clay
Rekovac 43°51' 25" 21°05' 29" 629 heavy clay heavy clay
Vranje 42° 30" 10" 21°52' 26" 368 medium clay = medium clay
Zajecar 430 54" 15" 22°17' 05" 343 medium clay  heavy loam
Bela Crkva 44° 53' 10" 21°25' 01" 272 medium clay = medium clay
Blace 43°17' 26" 21°17' 05" 389 medium clay = medium clay
Salas 44° 06' 23" 22°18' 35" 234 medium clay  medium clay
Kragujevac 40° 00' 51" 20°54' 42" 173 medium clay  medium clay

Determination of the heavy metals in the filtrate was achieved by atomic absorption
spectrophotometer Perkin-Elmer 3300/96 model MHS-10 (Perkin-Elmer, Santa Clara, California,
USA).

The data were statistically analyzed using the SPSS 20.0 statistical software package to calculate
average, standard deviation, Student's t-test, Pearson's correlation coefficient and level of
significance. Level of significance was calculated at *p<0.05 and **p<0.01.

RESULTS and DISCUSSION

Basic characteristic of examined Vertisol of Serbia are given in Table 2. The reaction of soil was found
to range in a fairly wide interval of pH values from acid to weakly alkaline reaction (from 4.60 to 6.9 in
N KCI). The content of humus was considerably varying, ranging from 2.00 to 5.6% (weakly humus to
humus soils), being unaffected by land use. In addition, the content of available phosphorous also
ranged in a wide interval. Thus, on the Vertisol under meadow, the content of available P ranged from
0.8 to 17.8 mg/100g, whereas on those under field, its content ranged from 0.6 to 28 mg/100g
supplied with this element. In contrast to the available phosphorous, the soils were found to be rich in
potassium (19.0-59.6 mg/100g). In addition, these soils indicated a high cation exchange capacity and,
by mechanical composition, could be defined as medium to heavy clay soils. The above-mentioned
average values of the investigated properties proved to be very much the same for the arable land and
for the meadow. According to the content of mechanical fractions (sand, silt, clay), these soils are in
medium and hard clay soils.

Results of the study of the total content of Cu in the analyzed Smonitzas (Table 3) indicates its
natural, geochemical origin, as found from the mean value of 29.8 mg/kg for the arable land and 36.9
mg/kg for the meadow, as well as the value of the total content of Cu individual samples, with some
variations, are within normal values for unpolluted soil. High to very high levels he content of available
copper, based on three different extraction techniques, showed that the tested smonitzas rich the limit
values according to Ankerman, 1977. The high level of available Cu in tested Vertisols makes them
suitable for growing plants in these lands.

According to the results of the t-test (Table 3) between the available cooper contents in the tested
Vertisols, no statistically significant differences in the distribution of cooper between the arable land
and meadows was found.
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Eigﬁiﬁed physical-chemical characteristics of Vertisols in Serbia
Arable land Meadow

Soil characteristic Standard Standard
Mean Range o Mean Range o

deviation deviation
pH (H20) 7.11 5.8-8.1 0.91 6.9 5.6-8.1 0.9
pH (KCI) 6.0 4.6-6.9 0.93 5.8 4.7-7.0 0.9
Humus, % 3.3 2.5-4.0 0.49 3.5 2.0-5.6 11
P,0Osmg/100 g 7.7 0.6-28.0 8.83 4.2 0.8-17.8 5.0
K,0 mg/100 g 34.4 19.0-59.6 11.8 31.1 20.4-53.5 10.4
CEC meqg/100g 25.1 15.5-31.5 5.57 23.8 16.9-34.7 6.6
Sand, % 29.6 21.4-36.0 4.80 32.2 22.3-50.5 9.0
Silt, % 24.6 18.8-31.2 3.61 22.8 11.9-29.4 5.6
Clay, % 45.8 33.5-54.4 7.25 44.9 28.9-64.3 11.1
Silt + Clay, % 70.4 64.0-78.6 4.8 67.7 49.5-77.7 9.0
test NS NS NS NS NS NS

arable land:meadow

NS-application of the student t-test showed that there is no statistical signicance between the examined characteristics of field
and meadow

The results of the experiments pots out in oats plants with soil samples from the mentioned
locations and from the non-fertilizer treatment (control) are shown in the Table 4. Plant yields (dry
weight) ranged between 5.43-10.31 g/pot, and average values were 7.01 g/pot for arable land and
7.58 g/pot for meadows. Because of the wide interval variation there were not found significant
differences between the used as arable land and meadow.

Table 3
Content of Total and Available Copper (Means, Standard Deviaton and Interval mg/kg) in Observed of
Vertisos in Serbia

Mode of soil Available Cu
o Total Cu
utilisation 0.1 N HCI 0.005 M DTPA NaOAc
29.8+9.8 4.1+1.6 3.1+1.5 0.7+0.2
Arable land
17-49 2.4-4.8 1.8-6.8 0.5-1.3
36.9+18.5 7.0+6.3 5.7+5.7 1.7+1.8
Meadow
18-74 1.6-19.7 2.3-17.4 0.5-6.3
t-test
NS NS NS NS

arable land:meadow

NS-there are no statistically significant differences

The average content Cu in the tested plants grown on the control group was 10.77 mg/kg
(range 9.8-11.7 mg/kg) for arable land samples, and 10.99 mg/kg (range 9.7-11.8 mg/kg) for
meadow samples. It is also concluded that the oat shoot uptake was 75.50 mg/kg (58.6-87.6)
g/pot for arable land of soil, and 83.30 mg/kg (63.69-113.41) g/pot of soil for meadow. The
obtained values for Cu content in oat plants correspond to the optimal levels (5-25 mg/kg) for this
plant (Westfall et al., 1990).

For Cu concentration in plant dry weight and its amounts taken out there were not found significant
differences between arable land and meadow.
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Table 4
Yield, content and uptake of Cu in oat shoots from the control of Cultivated Plants (Oat), Cu Content in
Plants and Outtake of Cu by Yield (Means, Standard Deviation and Interval)

S Out DM yield Cu content in plant Cu outtake by plant
Mode of soil utilisation B 1 . 4
(g pot™) (mg kg™) Yield (g pot™)
7.01+0.86 10.77+0.56 75.50+9.92
Arable land
5.43-7.96 9.8-11.7 58.6-87.6
7.58+1.2 10.99+0.91 83.30+14.03
Meadow
5.53-10.31 9.7-11.8 63.69+113.41
t-test
NS NS NS

arable land.meadow

A state of Cu in the studied Vertisols can be found out through mutual correlation between total and
available contents of Cu as well as as between the different forms of available contents (Table 5).
First, very high correlation was found between total content Cu (HNO3) and its available forms (0.1 N
HCI, 0.005 M DTPA and 1 N NaOAc). Second, the available values of Cu are interconnected in a
strong cumulative bond, regardless of the different extraction means. These data indicate that Cu in
Vertisols of Serbia is of natural, geochemical origin, and that all three applied methods for
determination of available Cu in the soil can be equally used regarding to soil types of Vertisols.

Table 5
Correlation Coefficient between Total and Available Cu Contents in Observed Soils
Available Cu Available Available Cu
Total Cu
(0.1N HCI) Cu (DTPA) (1IN NaOAc)
Total Cu -
Available Cu (0.1 NHCI) 0.88** -
Available Cu (DTPA) 0.84** 0.96** -
Available Cu (1 N NaOAc) 0.76** 0.94** 0.94** -

** significant at 0.01 probability level

In addition, for the explanations of the origin of copper in the soil, the correlation coefficients
between different forms of Cu in soils their various chemical and physical properties of the soil are also
important (Table 6). A very small number of correlations were found between total Cu and silt (r = -
0.44 *) as well as between available Cu (1 M NaOAc) for total sand (r = 0.54 *) and silt (r = 0.54 *).

Table 6
Correlation Coefficients between Different Forms of Cu Contents in Observed Soils and their Chemical
and Pphysical Properties

pH Available Total
- Humus CEC Silt Clay
H,O KCI P,Os K)O sand
Total Cu / / / / / / / -0,44* /
Available Cu (0.1N HCI) / / / / / / / / /
Available Cu (DTPA) / / / / / / / / /
Available Cu (1N NaOAc) / / / / / / 0,54* 0,54* /

*Significant at the 0.05 probability level

These data indicate that none of the tested soil properties significantly affected the different forms
of available Cu content. This indicates the geochemical origin of Cu and the smaller influence of the
pedogenetic processes on its state in Vertisol of Serbia. Similar results on Smonitza soil in the
Sumadija region were also found (Milivojevic et al.,, 2012, 2013). At the end, there is significant
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correlation between Cu concentration in plants and its amounts taken out according to the content of
its forms in soil and chemical and physical properties of sails.

There was a correlation, but not large, between Cu concentration in plants and total Cu content (r =
0.48*) in the tested soil. This could be expected because the content of available Cu in the soil, using
method that give limit values (0.1 M HCI, DTPA), were high or very high. Under such conditions, the
oats planted the required quantities of copper and among them there were no differences and
pronounced effects of various properties of the soil. This is another proof that the smonitza type soil in
Serbia well accumulate copper, one of the most important microelement for plant nutrition and exhibit
favorable fertility.

CONCLUSIONS
Based on the presented results on the state of the Cu micro element in the smonitze soil of Serbia, the
following conclusions can be made:

In the tested soil, normal, geochemical contents of total copper in the range 17-74 mg/kg were
found. The three methods used for determination of available Cu in the soil can be used equally
because the obtained results showed strong mutual correlations according to the content of total Cu.

The uptake of Cu in oat plants was uniform, and the found content was optimal. This indicates a
satisfactory amount of available copper for plant nutrition in the investigated Smonitza soil of Serbia.
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ABSTRACT

This paper is a result of many years of field and laboratory research of the soils in Bregalnica river
basin, spread out on 428.323,45 ha, ranging from 150 to 1932 m above the sea level in order to gain a
better understanding of the productive capacities of the soils and measures for their improvement. The
filed research of the soils has been done according to methods described by (Filipovski G et al, 1967).
In laboratory, the following analyses have been carried out on the soil samples: hygroscopic moisture;
mechanical composition; pH of the soil solution; humus content and total nitrogen; content of
carbonates; available nutrients P,Os and K,O. The mechanical composition and chemical properties of
the soils have been determined by standard methods described by (Bogdanovi¢ et al, 1966),
(Mitrikeski & Mitkova, 2001); (Resulovi¢ et al, 1971), (Dzami¢ et.al.1996).This area is very
heterogeneous, with numerous relief forms, with different expositions and inclinations, and with great
differences of altitude. Additionally, there are several geological formations of a very heterogeneous
petrographic-mineralogical composition and climate-vegetation zones. Long-term effects from human
involvement should also be noted. The vast diversity of the factors required for soil formation in this
area is the reason for the formation of many different soil types as well as the lower taxonomic units.
These types of soils are characterized by different properties (chemical, physical, physical-mechanical,
productive). Therefore, they have varied effects on agricultural production. There are 16 (sixteen)
different soil types distributed in the Bregalnica river basin together with a considerable amount of
subtypes, varieties and forms. Soils of lake terraces and of undulated hilly relief are prevalent in this
river basin: 202.097,50 ha, or 47.19% of the whole. Mountain soils cover 188.764,00 ha (44.08%),
whereas soils of the plains occupy 25.236,32 ha (5.88%) of the area. Finally, soils of colluvial fans
occupy the least surface - 12.225,63 ha (2.85%).

KEY WORDS: soil types, Bregalnica river basin

INTRODUCTION

This area (Bregalnica river basin) is very heterogeneous, with numerous relief forms, with different
expositions and inclinations, and with great differences of altitude. Additionally, there are several
geological formations of a very heterogeneous petrographic-mineralogical composition and climate-
vegetation zones. Long-term effects from human involvement should also be noted. The vast diversity
of the factors required for soil formation in this area is the reason for the formation of many different
soil types as well as the lower taxonomic units.

The soils in the area also appear in the complexes that are presented on the soil (pedological)
map. These types of soils are characterized by different properties (chemical, physical, physical-
mechanical, productive). Therefore, they have varied effects on agricultural production.

In this paper are presented the main aspects of the soil geography. The agrotechnical and
meliorative measures are determined based on the properties and processes of the various soil types
found in this area with the goal of improving their productive capacity to further increase agricultural
production.

MATERIAL AND METHOD
The filed research of the soils has been done according to methods described by (Filipovski G et al,
1967). In laboratory, the following analyses have been carried out on the soil samples: hygroscopic
moisture; mechanical composition; pH of the soil solution; humus content and total nitrogen; content of
carbonates; available nutrients P,Os and K,O.

The mechanical composition and chemical properties of the soils have been determined by
standard methods described by (Bogdanovi¢ et al, 1966), (Mitrikeski & Mitkova, 2006); (Resulovi¢ et
al, 1971), (Dzami¢ et.al.1996).
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RESULT AND DISCUSSION

1.Geography of soils

1.1. Distribution of soil types and complexes

The formation, the distribution and the soil properties in this area are in close co-relation with the
environmental conditions, i.e. the soil genesis conditions, such as the geographical position and the
relief, the hydrography, the parent material, the climate, the vegetation, the time period and the human
factor. The soil (pedologic) map (picture 1), (picture 2 and 3) together with Table 1 on the distribution
of the soil types, differentiates the following properties in the geography of sails.

In the catchment area of the Bregalnica river, there are 16 (sixteen) soil types and a number of
subtypes, varieties and forms. The total area of this region is 428.323,45 ha.

Depending on the dominant influence of individual soil forming factors, most part of the areas are
covered with soils that also demonstrate climate — vegetation zoning (Chromic Luvisols on saprolite,
Cambisols, Humic Eutric and Umbric Regosols, Albic Luvisols), which is also combined with the
influence of other soil forming factors (parent material, relief). Some of the soils demonstrate strong
lithogenous character (Leptosols, Regosols, Humic Calcaric Regosols, Vertisols), whereby the
influence of other factors (relief) is also significant. Some of the soils have topogenous — hydrologic
origin, related to the consequences of the erosion processes (Fluvisols, Gleysols, Fluvisols-Colluvial
Soils). Lately, due to the newly planted seedlings (orchards, vineyards), some of the soils also have
antropogenous origin (Aric Regosols). The papers of Mitkova T, et. al. (2015) and Filipovski G, (2015),
address these conditions in details.

Figure 1 and 2. Soil map - Soil types and complexes distribution in the catchment area of the
Bregalnica river (http://www.maksoil.ukim.mk/masis/)

Table 1 contains data on the soil types and complexes distribution according to the relief forms in
the catchment area of the Bregalnica river in ha and %. It can be seen from the Table that the soils
spread on lake terraces and of undulated hilly relief dominate in the catchment area and cover an area
of 202.097,50 ha, or 47.19% of the area, followed by the soils spread on mountainous terrains with
188.764,00 ha, or 44.08%. The soils on plains and sloping terrains (colluvial fans) cover small areas
(25,236.32 ha, or 5.88% and 12.225,63 ha or 2.85% of the area).
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Table 1
Soil types and complexes distribution in the catchment area of the Bregalnica river (ha and %)
Symbol ha %

SOIL TYPES AND COMPLEXES (WRB Soil Classification)
I. SOILS OF THE PLAINS
1. Fluvisol J 16438,94 3,84
2. Gleysol G 210,07 0,05
3. Mollic Vertic Gleysol Gm 407,42 0,09
4. Fluvisol JIK 1695,7 0,39
5. Fluvisol+ Gleysol JIG 1204,21 0,28
6. Solonetz+ Solonchak ZIS 2199,57 0,51
7. Urbisol Urb 3080,41 0,72
Total 25.236,32 5,88
Il. SOILS OF COLLUVIAL FANS
1. Fluvisol (Colluvial Soils) K 12.225,63 2,85
Ill. SOILS OF LAKE TERRACES AND OF UNDULATED HILLY RELIEF
1. Regosol R 39750,82 9,28
2. Humic Calcaric Regosol Rz 14073,57 3,28
3. Vertisol \ 19054,99 4,45
4. Chromic Luvisol on saprolite Lc 15244,55 3,56
5. Aric Regosol ATa 1031,47 0,24
6. Humic Calcaric Regosol+ Regosol Rz/R 16574,22 3,87
7. Chromic Luvisol on saprolite+ Humic Calcaric Regosol+ Regosol Lc/Rz/IR 2981,58 0,70
8. Regosol+ Vertisol RIV 7564,61 1,76
9. Humic Calcaric Regosol+ Regosol+ Vertisol Rz/RIV 1176,78 0,27
10. Vertisol + Humic Calcaric Regosol VIRz 7242,28 1,69
11. Chernozem + Humic Calcaric Regosol C/Rz 1029,45 0,25
12. Chernozem+ Humic Calcaric Regosol+ Vertisol C/RzIV 9924,63 2,32
13. Chromic Luvisol on saprolite+ Regosol Lc/R 20518,34 4,79
14. Chromic Luvisol on saprolite+ Albic Luvisol + Regosol Lc/La/R 750,9 0,17
15. Chromic Luvisol on saprolite+ Albic Luvisol Lc/La 114451 0,27
16. Vertisol+ Regosol+ Leptosol V/R/IE 23862,74 5,57
17. Vertisol+ Chromic Luvisol on saprolite+ Regosol V/Lc/R 9216,62 2,15
18. Albic Luvisol La 5264,27 1,23
19. Albic Luvisol + Regosol La/R 5691,15 1,33
Total 202.097,50 47,19
IV. MOUNTAIN SOILS
1. Leptosol E 2886,24 0,67
2. Humic Eutric and Umbric Regosol Lm/U 35499,49 8,29
3. Cambisol B 72361,03 16,9
4. Cambisol+ Regosol B/R 27650,21 6,46
5. Cambisol+ Leptosol+ Regosol B/E/R 7173,47 1,67
6. Humic Eutric and Umbric Regosol+ Leptosol Lm/U/E 116,12 0,03
7. Cambisol+ Humic Eutric and Umbric Regosol B/Lm/U 1076,79 0,25
8. Humic Eutric and Umbric Regosol+ Regosol+ Leptosol Lm/U/RIE 13979,67 3,26
9. Humic Eutric and Umbric Regosol+ Regosol Lm/U/R 17916,76 4,18
10. Regosol+ Leptosol R/IE 10103,85 2,36
Total 188.764,00 44,08
Total area of this region 428.323,45 100,00

The plain terrains are mostly covered by Fluvisols (16.438,94 ha or 3,84%), while the percentage of
other soils is under 1%. The sloping terrains are mostly covered by Fluvisols (Colluvial Soils)
(12.225,63 ha or 2,85%). The undulating-hilly terrains and the lake terraces are mostly covered by
Regosols (39.750,82 ha or 9,28%), followed by Vertisols (4,45%), Chromic Luvisols on saprolite
(3,56%) and Humic Calcaric Regosols (3,28%), as well as Albic Luvisols with 5264,27 ha or 1,23%.
Most of the mountainous terrains are covered with Cambisols (72.361,03 ha or 16,9%) and Humic
Eutric and Umbric Regosols (35.499,49 ha or 8,29%), as well as Leptosols with 2886,24 ha or 0,67%.

The erosion processes, i.e. the human factor are strongly reflected in the geography of the soils in
the area. The area of soils that occurred from erosion processes (Leptosols, Regosols, Fluvisols-
Colluvial Soils and their complexes) is more than 25% of all areas and unfortunately, the spreading
process for these areas is still active.

The individual terrain forms differ from each other by their terrain, geological structure, their climate
— vegetation and hydrographic conditions and by the degree of anthropogenization. This is reflected
on the geography of soils and their properties, as well as on the degree of their utilization and the
measures that need to be undertaken in the agricultural production of the area.
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1.2.Common properties of the soils according to terrain (relief) forms

Common properties of the soils on the mountainous terrains. The soils spread on mountainous
terrains cover 188.764,00 ha, or 44,08% of the area. These are: Leptosols, Humic Eutric and Umbric
Regosols, Cambisols, as well as their complexes, in combination with Regosols. Their common
properties are: a) very pronounced erosion processes; b) weak chemical weathering resulting in
shallow solum over some substrates, and lack of deep regolith and poor clay content; c) absence of
carbonate, pronounced acidification (weaker in the soils over acidic rocks than in the basic rocks); d)
absence or very poor textural differentiation of the solum; e) clearly expressed changes in the soil
properties and the intensity of some processes as the altitude increases; f) clearly expressed
dependence of the soil properties from the substrate: soils over acidic rocks contain less clay, they are
more acidic and are less texturally differentiated, unlike the soils formed over basic rocks, g) absolute
domination of the silicate over the carbonate substrate.

Common properties of the soils from the lake terraces and of undulated hilly relief. The following
soil types are present on this terrain form: Regosols, Humic Calcaric Regosols, Vertisols,
Chernozems, Chromic Luvisols on saprolite and Albic Luvisols. The occurrence of these types of soils
is in close co-relation with the substrate, the relief, the climate-vegetation conditions and the degree of
erosion. The soils on this terrain (relief) form have the following common properties: a) very
pronounced erosion (occurrence of Regosols and erosion of horizon A or part thereof, in the soils with
A-C, A-(B)-C and A-E-B-C prdfile type); b) absence of compact rocks as substrate and soil genesis
over clastic sediments, resulting in deep solum and physiologically active profiles; c) greater presence
of clay resulting from the substrate or the argilogenesis within the profile; d) presence of smectites in
some soils (Vertisols, Vertic Chromic Luvisols on saprolite) arising mainly from the substrate and
partially from the soil genesis, and in relation to that, deterioration of the physical properties of the
soils; e) occurrence of textural differentiation at some soils (Vertisols and Albic Luvisols), and in
relation to that, deterioration of the physical properties; f) greater presence of the silicate — carbonate
substrate in the soil genesis, in comparison to the substrate of the mountainous terrains; g) relative
dryness of the soils (which is lower at the lake terraces), caused from insufficient quantity of rainfalls,
surface water flow and very deep underground water; e) insufficient quantity of humus and nutrients
(especially N and P); f) relatively good chemical properties (the high content of carbonates of Humic
Calcaric Regosols and the acidity of the Albic Luvisols are an exception).

Common properties of soils from sloping terrains. These terrains are covered with Fluvisols
(Colluvial Soils), which are characterized by: a) horizontal and vertical (according to depth of profile)
heterogeneity in the mechanical and mineral-petrographic composition; b) low content of clay,
drainage, dryness, good aeration; ¢) poor humus content, insufficient stability of the aggregates; d)
good chemical properties with insufficient nutrient elements; €) increasing the finer particles by
descending to the lower parts of the cones (“fans”); g) short duration of soil genesis (the youth of the
soils); h) unregulated water regimen (floods and sedimentation of coarse material).

Common properties of the soils of the plains. Fluvisols with varying degrees of gleyzation are
present in the flat bottom deep in the profile and the Gley soils (Gleysols and Mollic Vertic Gleysols)
have the following characteristics: a) the appearance of non-saline underground waters at different
depths; b) the appearance of a physiologically deep profile; c) gleyzation at the bottom of the profile; d)
a significant amount of organic matter (especially in Gleysols), where it is of hydromorphic origin; €)
occurrence of unregulated water regimen (floods, riverbad erosion, deposition of coarse sediments,
regeneration of fertility by application of fine sediment); g) absence of texture differentiation of the
profile (no occurrence of (B) or Bt horizons); h) favorable physical and chemical properties.

The occurrence of Halomorphic soils (Solonchak and Solonetz) on small areas (total 2199,57 ha or
0,51%) is characteristic of these terrains in the area. Their formation is related to the presence of salts
in the sediments, drier climate conditions and relief-topographical conditions in which there are shallow
and saline underground waters.

1.3. Soil significance according to relief forms for agricultural production in the area

The properties (mechanical composition and chemical properties) of individual soils formed in the
area are described in detail in the papers of Mitkova T, et.al. (2015), Filipovski Gj, (2015) and
Filipovski Gj, (2015a). Here, together and according to relief forms, we will explain their significance for
agricultural production in the area, the measures for improving their productive ability will be explained
in the conclusions.

In mountain reliefs, part of the Humic Eutric and Umbric Regosols is under summer pastures, a
smaller part under forests, and a small part is cultivated. Fields are mostly abandoned, and some
produce potato and seed material for it, then rye and oats, and at lower altitudes some fruit trees are
cultivated. As for the use of Cambisols, it can be said that they have the greatest significance for
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forestry, because they produce and then exploit most of the wood mass in our country. By
deforestation some of these soils are converted into pastures or into now abandoned fields. A very
small part is cultivated, used as fields, and a smaller part as pastures. Potatoes are most commonly
cultivated field crops, some forage field crops can be successfully grown, as well as crops for green
fertilization. Some of these soils can be successfully turned into artificial grasslands. Several fruit
crops can be successfully grown (chestnut, walnut, plums, apples, pears, raspberries, blackberries,
ribes).

Among the soils formed on lake terraces and of undulated hilly relief, Chernozems, Vertisols and
Humic Calcaric Regosols are characterized by greater productivity in comparison with Regosols,
Chromic Luvisols on saprolite and Albic Luvisols. Depending on the conditions for irrigation these soils
have heterogeneous use. Field crops, vegetable crops, forage crops, industrial crops, vineyards,
orchards are cultivated on them.

Fluvisols (Colluvial Soils) are significantly less productive than Fluvisols (with which they border.
They are less sorted, do not have a flat relief, have higher impact from drought, contain less nutrients,
do not supply water from groundwater.

In the plain terrains of the area, Fluvisols are of the greatest significance for agricultural production.
This is due to the favorable physical and chemical properties, the deep solum, the provided conditions
for irrigation and the presence of available forms of P,Os and K,O. They provide relatively high yields
of all agricultural crops. Mollic Vertic Gleysol and Gleysols are potentially fertile. The former have good
chemical properties, but poor physical properties, and the latter have relatively good properties, but
have shallow underground waters, occasional floods at some sites, anaerobic conditions and due to
this, poor nitrification.

CONCLUSIONS

There are 16 (sixteen) different soil types distributed in the Bregalnica river basin together with a
considerable amount of subtypes, varieties and forms. They are formed on four relief forms (plain
terrains, sloping terrains, mountain terrains and undulating-hilly terrains and lake terraces) that have
different significance for agricultural production. In order to increase their productive ability, the
following joint measures should be undertaken according to relief forms:

- Joint measures for soils from mountain terrains: (protection from erosion, fertilization with organic
and mineral fertilizers, proper tillage, liming if necessary);

- Joint measures for soils from lake terraces and undulating-hilly terrains: (deep tillage, humization:
organic fertilizers and phytomeliorations, intensive use of mineral fertilizers N and P,Os, and for plants
that need potassium during the entire year and for obtaining much higher yields and K-fertilizers, anti-
erosion measures, proper irrigation method);

- Joint measures for soils from sloping terrains: (anti-erosion protection measures, irrigation,
humization, intensive use of mineral fertilizers);

- Joint measures for soils from plain terrains: (regulation of the water regimen, lowering of the level
of underground water-drainage, tillage and creating a deep fallow, fertilization with mineral and organic
fertilizers with previous soil fertility control, proper irrigation).
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ABSTRACT

Increased concentrations of anions and cations, as well as potentially toxic metals in the agricultural
soils developed in the area of water field Velika Gorica can present problem from the standpoint of
environmental risk. The subject of this study is the Cambisol soil developed on the area of the Velika
Gorica water well field. The objective of this research was to determine the main soil properties and
soil accumulation or mobilisation of potentially toxic metals and ions in Cambisol under agricultural
activities.

Physical, mineralogical and geochemical analysis of the collected soils were carried out in order to
determine their properties, such as soil reaction (pH), electrical conductivity, carbonate, organic and
mineralogical content and grain size distribution. Sequential extraction analysis was made to
determine the main binding site of potentially toxic metals in the soil. The analyses were performed
according to the BCR procedure and proportions of elements were determined in four fractions: (1)
carbonate, (2) the fraction of Fe-Mn oxide and hydroxide, (3) organic-sulphide, and (4) residual
fraction. The following potentially toxic metals were measured: Cu, Cd, Zn and Pb. The analysis of
anions and cations (Na*, K", NH,", Mg®*, Ca®*, CI, NOz, NO, and SO,*) were made using ionic
chromatography.

The analysis showed that the concentrations of potentially toxic elements (Cu, Cd, Zn and Pb) as well
as cations and anions (Na*, K*, NH,", Mg*, Ca**, CI', NO3, NO, and SO,*) are significant in a layer
of up to about 80 cm. Their concentration decreases beneath the specified depth as a result of particle
size distribution, dominated by silt and clay that determine a lower permeability of the soil. Surface
samples showed increased element concentrations, as well as the influence of agricultural activities.
Even though influence of agricultural activities is recognized, all results show that impact is decreasing
after approximately 80 cm depth.

KEY WORDS: agricultural activities, unsaturated zone, potentially toxic metals, cations and anions,
Cambisol

INTRODUCTION

Increased concentrations of major anions and cations, as well as potentially toxic metals, in the
agricultural soils developed in the area of well field Velika Gorica, can cause soil and water
contamination.

One of sources of contamination by potentially toxic metals are agricultural inputs (animal manure
and artificial fertilizers). Phosphorus (P) fertilizers are sources of potentially toxic metals, which are
used in agricultural systems (Nziguheba and Smolders, 2008). Copper and zinc are substantially
added to soils by agricultural practices (Bonten et al., 2008) and are widely used as fertilizers and
stimulants of animal growth (Schipper et al., 2008).

Apart from potentially toxic metals, load of cations and anions from agricultural sources can present
risk for groundwater contamination. Agriculture is the main diffuse nitrogen source (Wendland et al.,
2009). Inorganic nitrogen fertilizers are applied to increase the immediate availability of nitrogen for
plant growth (Balderacchi et al., 2013). Potassium is an essential and major nutrient for crop
production (Zhang et al., 2011). Manure contain potassium in their compounds and excessive load of
this parameter to agricultural soil can cause very high concentrations of this element in soils and
groundwater.

Therefore, the objective of this research was to determine the main soil properties and soil
accumulation or mobilisation of potentially toxic metals and major ions in Eutric Cambisol FAO (2006)
under agricultural activities.
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MATERIALS and METHODS

Field research was conducted in the area of Velika Gorica well field (45°43'41"N; 16°01'40"E), which is
located west of the Velika Gorica City in Croatia. The field research consisted of borehole drilling,
sampling, description of the pedological profile and recognition of the soil horizons (A-Bw-C).

Five disturbed soil samples for laboratory analysis were collected from soil horizons. Soil particle
size distribution was determined by the pipette method with sieving and sedimentation after dispersion
with sodium pyrophosphate, and interpreted according to FAO (2006). Soil pH was measured in a
calcium chloride solution with a 1:2.5 soil to solution ratio (ISO 10390, 2005). Particle size distribution
was determined by sieving and pipette methods. Carbonate content was determined by the volumetric
method (ISO 10693, 1995) while organic matter was determined using hydrogen peroxide solution.
Determination of anions and cations (Na*, K*, NH,", Mg®*, Ca*, CI, NO3, NO, and SO,*) on the
previously frozen soil samples was performed using the method of ion chromatography (ICS-90).

Different binding sites of trace elements in selected soils were analysed using sequential
extraction. Sequential extraction scheme was used according to Rauret et al. (2001) and it gave four
fractions: acid (bound to carbonates-CARB), reducible (bound to iron and manganese oxides,
hydroxides and oxyhydroxides-FEMN), oxidisable (bound to organic matter and/or sulphides-OR/SUL)
and residual (total dissolving using aquaregia-RES). All the reagents used in the extraction procedures
were of analytical grade. The resulting solutions were analysed by flame atomic absorption
spectrometry (AAnalyst 700, Perkin Elmer).

RESULTS and DISCUSSION

Table 1 presents physical and chemical characteristics of Eutric Cambisol. Texture of analysed soil
profile is mainly silt, in some parts silt loam. The highest proportion of sand is determined in C horizon,
and the smallest in Bw horizon. Values of pH varied from 6.88 to 7.19, which represent uniformity with
the depth. Change in pH values along the soil profile can be associated with a change of carbonates,
while alkalinity of the soil can be related to the presence of magnesium and calcium carbonates
(JaSaragi¢-Rako, 2015). The highest percentages of organic matter were determined in A and C
horizons, while with increase of depth this values decrease.

Table 1
Physical and chemical characteristics of investigate soil profile.

. Granulometric composition
hoSr?zllJn 35?3 Caco, (%) 8/?);' PH (CaCla) | cand 90 | sitt (%) %!/"j)y
A 0-20 7.5 8.06 6.88 2.42 87.43 10.15
20-40 14.3 11.46 7.1 18 89.54 8.65

Bw 40-60 19.4 4.6 7.19 1.46 87.59 10.95
60-80 13.8 4.07 7.16 2.72 84.97 12.32

c 80-100 7.2 12.72 7.14 4.77 82.00 13.23
100-120 5.3 3.77 7.14 3.84 89.78 6.37

Table 2 presents distribution of the major anions and cations in the soil profile according to the
results of ion chromatography. Cations and anions have higher concentrations to 80 cm depth, while
after are decreasing. Very high concentrations of chlorides and calcium could be the consequence of
agricultural activity.

The highest concentrations of cations in studied soil were determined in Bw horizon (40-60 cm),
with exception of potassium (Table 2). Carbonate content of Bw horizon is in line with calcium and
magnesium concentration due to substitution of these cations. The lowest concentrations of cations
were determined in C horizon, with exception of sodium. The potassium concentration in analysed soil
varied from 46 mg/kg to 163 mg/kg (Table 2). The calcium varied from 2152 mg/kg to 3599 mg/kg.
Sedlar et al. (2014) determined approximately 1743 mg/kg of calcium concentrations in Cambisol.
Magnesium varied from 508 mg/kg to 813 mg/kg. Loide (2004) in his research of cations determined
approximately 650 mg/kg of magnesium concentrations in Cambisol. Ammonium content in analysed
soil varied between 38 mg/kg to 64 mg/kg.

The highest concentrations of anions in studied soil were determined in A and Bw horizons (Table
2). Sulphates varied from 61 mg/kg (C horizon) to 117 mg/kg (Bw horizon). The highest chloride
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concentrations (4140 mg/kg) were determined in Bw horizon which correspond to calcium
concentration. Nitrates varied from 48 mg/kg (C horizon) to 235 mg/kg (Bw horizon) (Table 2). Nitrate
showed decreasing trend with soil depth. The same trend was reported by Bubalo et al. (2014) during
their research of nitrate concentration through soil depth.

-I;?sk#ﬁ)ition of major cations and anions by depth. All units are in mg/kg.
Soil - - - 2- + + + 2+ 2+
) NO; Cl NO, SO, Na NH,4 K Mg Ca
horizon
A 164.11 302.87 57.83 90.49 241.13 63.81 162.57 587.25 2496.26
234.91 1668.41 57.79 117.20 253.28 39.40 67.92 739.38 3117.69
Bw 173.65 4140.04 0.00 85.57 435.26 56.47 102.13 813.68 3598.69
95.34 239.16  39.04 73.27 271.15 46.69 94.87 578.96 2518.98
c 48.41 289.07 0.00 60.55 241.99 42.88 46.34 508.16 2151.49

50.90 897.19 0.00 67.21 287.67 38.08 57.29 517.50 2169.68

The sequential chemical analysis resulted in diverse distribution of sequenced fractions in Eutric
Cambisol. The average proportion of Cu fraction in soil horizons was arranged in the following
decreasing orders: RES (89-93%) > OR/SUL (7-70%) > FEMN (0-1) > CARB (0) (Fig. 1a). The
distribution of Cu to different fractions is the result of various soil processes and the equilibrium of
these processes, which depend on soil physical-chemical conditions and crop cultivation (Adriano,
2001). The highest proportion (93%) of Cu in the analysed soil was detected in the residual fraction in
A horizon (Fig. 1a). The second highest enrichment of Cu is in OR/SUL fraction. Kaasalainen and Yli-
Halla (2003) studied behaviour of metals in soils and concluded that the concentrations of Cu in
oxidizable fraction were higher in the A horizons than in the deeper horizons.

The average proportion of Zn fraction in soil horizons was distributed in the following decreasing
orders: RES (78-86%) > FEMN (7-11%) > OR/SUL (6-10%) > CARB (0-4%) (Fig. 1b). Kabala and
Singh (2001) in their study found same orders of Zn fractioning in Cambisol.
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Figure 1. a) Distribution of copper in fractions in soil profile; b) distribution of zinc in fractions in soil
profile

CONCLUSIONS

Physical and chemical properties and element concentrations of Eutric Cambisol in area of well field
Velika Gorica (Croatia) was investigated. The highest proportion of clay is determined in C horizon,
which is in correlation with the highest organic matter for this depth. Values of pH varied from 6.88 to
7.19, which represent uniformity by changing with depth.

The sequential chemical analysis presented diverse distribution in sequenced fractions of
investigated soil. The average proportion of Cu fraction in soil horizons was arranged in the following
decreasing orders: RES (89-93%) > OR/SUL (7-70%) > FEMN (0-1) > CARB (0). The average
proportion of Zn fraction in soil horizons was distributed in the following decreasing orders: RES (78-
86%) > FEMN (7-11%) > OR/SUL (6-10%) > CARB (0-4%).

The highest concentrations of cations in studied soil were determined in Bw horizon (40-60 cm),
with exception of ammonium. Carbonate content of Bw horizon is in line with calcium and magnesium
concentration due to substitution of these cations. The lowest concentrations of cations were
determined in C horizon, with exception of sodium. The highest concentrations of anions in studied soil
profile were determined in A and Bw horizons. Nitrate showed generally decreasing trend with soil
depth.

Values of soil pH and calcium concentration are in line. Even though influence of agricultural
activities is recognized, all results show that impact is decreasing after approximately 80 cm depth.
The results from this study show impact of agricultural activities until approximately 80 cm soil depth.
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ABSTRACT

During the formation of the new relations in agriculture the main contract intensification of animal feed
in the Republic of Kazakhstan all forms of agro-industrial complex, must provide every cattle with a
sufficient amount of guaranteed quality forage in all seasons of the year. In todays market condition
the main way of increasing the base of forage is increase productivity of soil where the forage is
planted, growing cheap and full forage from these places.

There are such kind of places with much reed thickets in Kyzylorda in our republic. These agricultural
places produce ran vegetable oil which considered as the most important southern reed. The total
area of reed thicket in the Republics of the Commonwealth of Independent States is 5 million
hectares, and its mass is about 40 million ton. According to the information of some scientists reed
thickets in Kazakhstan contains from 1.8 to 3 million hectares.

However, in the last 30-40 years because of the men regulation of the flow of rivers and building
water constructions destroy reed places for plowing cereal and vegetable crops, reed growing areas
are in disaster, the inventories of raw materials are reducing.

That's why land using for agriculture especially researching reed thickets in detail and effectively in
Economy is topical nowadays.

The decision of these problems will be increasing reed productivity. Growing forage in Aral region is
very important. Problem of forage bases enhancing forage crop productivity and crop rotation has
been considering to nowadays. The amount of mineral fertilizers and pesticides has been using while
mechanization of large-scale land reclamation works and agro-technical measures there we face
some expenditure. In the southern irrigated lands feed and silage is made from corn. Their quality is
depend on preparing succulent forage (silage).

Theoretical and technological basis of producing silage is done according to the collective farms.
Reducing of cattle, much expenditure in sown area, the lack of agricultural machinery demands new
research.

Quality of hay biological fertility, grass harvest time, gathering and keeping technology changes
according to the rainy weather and crop rotation. Identifying biological fertility of food in winter, in a
crisis season to feed the cattle with quality hay, save them and obtain high yield is the practical
importance of the scientific research.

Regulation of the flow of the Syrdarya river, drying of valley, desertification of land area, decrease of
the amount of reed meadow to 20-28 times, decline of strong forage to 2.4 times leads soil salting.
However, the creation of a strong forage base and possibility of industrial use of reed thickets in farm
is not used enough.

KEY WORDS: Syrdarya, animal feed, irrigated lands, biological fertility, quality hay.

INTRODUCTION

In the light of the emergence of new relations in agriculture, the guaranteed provision of livestock for
animals of all economic entities of the agro-industrial complex of the Republic of Kazakhstan with
high-quality fodders and in sufficient quantities in all seasons of the year is a prerequisite for
intensifying fodder production.

The main reserve in strengthening the fodder base in modern market conditions is the increase in
the productivity of natural forage lands, the receipt of full-fledged and cheap fodder on these lands.
One of such vast areas in the republic in the Kyzylorda region are reed beds. The main dominant of
these lands is the southern reed, which is of great economic importance, as a vegetable raw material
for integrated agricultural use and industrial processing.

The total area of cane thickets in the CIS is 5 million hectares, and its annual growing mass is
about 40 million tons. The area of reed thickets, according to various scientists, in Kazakhstan is from
1.8 to 3 million hectares.

However, over the past 30-40 years, as a result of intensive economic activities, regulation of river
flow, the construction of various water management structures, the plowing of reed meadows for
cereals and vegetable crops, the areas under the reed are catastrophically declining and their raw
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material reserves are decreasing. In this connection, the problem of the comprehensive study of
natural lands, especially of reed meadows and their rational use for the needs of the national
economy, is acute.

The solution of these problems is especially important in the environment of the environmentally
unfavorable region of the Aral Sea region, where the increase in feed production should be carried out
first, due to the all-round increase in the productivity and rational use of natural fodder land.

Flow regulation of Syr Darya River in the region led to the irretrievable drying up of its delta,
desertification of the territory, a decrease in flooded reed hayfields by 2.0-2.8 times (from 600-700 to
250-300 thousand hectares), a 2.4-fold decrease in the yield of roughage, as well as increased
secondary salinization of the soil, and a shortage of water resources.

The potential uses of cane thickets are not sufficiently utilized in the region in order to create a solid
feed base for livestock and industrial use in the national economy of the republic.

Due to the prevailing circumstances, the problem of providing livestock with feeds became more
and more difficult. Therefore, the goal of finding the most acceptable ways to increase the yield of reed
thickets. The research tasks were put specifically to the measures to create highly productive
haymaking with various methods of superficial and radical improvement.

The Reed southern has enormous potentialities, adapts to extremely diverse soil and climatic
conditions, including growing on heavy clayey solonchak soils. The cane thickets are a stable one-
species community, it increases the area due to vegetative and seed renewal.

One above-ground shoot can contain up to 50 thousand germinating seeds in a panicle, which
under favorable conditions swell and begin to grow after 48 hours. Reed continues to develop even
with surface amelioration of meadows - disking, flooding with water for 15 -30 days and provides a
high plant mass without the expense of labor and funds.

A huge area of reed thickets, creating a peculiar microclimate determines the composition of the
accompanying vegetation and fauna. They are not only a habitat for animals and birds, but they also
serve as protection against enemies and unfavorable weather conditions, as well as food and a place
for breeding.

The good heat-insulating, physico-mechanical and chemical properties of cane stems, as well as
their cheapness, make it possible to use it widely as local building materials, as cane shields, mats,
facades, insulating boards, sheets of dry plaster, roofing, flooring, facing tiles , shapes and beams.

The feed value of reed in a timely harvest for hay and silage is satisfactory. Hay, harvested before
the reed flowering, contains 12.1% protein, 35.8% extracted substances and 38.6% fiber. The
nutritional value of this hay is 36.5 fodder units.

Nowadays reed is widely used as pasture forage, as well as for hay making and silage preparation.
In pastures, cattle often prefer it to all other herbs in the spring, because at this time the reed contains
a lot of sugars and tastes sweet. It gives a huge mass of hay sufficient nutrition, provided that the
terms of mowing are respected. Silage made from cane is of good quality and is not inferior in quality
to the silage from the stems of sunflowers.

However, with many positive qualities, the reed southern has an extremely unfavorable
characteristic for livestock farms that is its instability to grazing and haymaking. With annual summer
mowing (as well as grazing), it quickly degrades - becomes short, small and gradually falls out of the
grass stand. The replacing plants are less valuable food - low-productive, poorly eaten or even
harmful to livestock.

MATERIAL and METHOD
Studies on the creation and improvement of fodder in the floodplain of the river. The Syr Darya were
conducted for four years - 2013 — 2016. The main object of research was reed beds.

When developing technological methods for improving the grass stand of reed thickets aimed to
create highly productive hayfields, we were guided by the works of the founders of fodder production
and meadow management -. Williams 1, L.V. Larina 2, N.G. Andreev3, as well as special techniques
compiled by the authors' groups: "Technique of experimental work on hayfields and pastures”;
"Methodology of field experiments with fodder crops" and many other sources.

In the process of research, we have generalized and critically analyzed the extensive experimental
materials of domestic and foreign authors on various issues of the improvement of reed thickets.

At all stages of the experimental research, we followed the basic requirements: observance of the
principle of a single distinction, i.e. observance of the unity of all the conditions of cultivation, except
for one studied, the compulsory setting of experiment on sites homogeneous by climate and soil.

The experimental work was carried out by setting up the field experiments by the method of
ordinary repetition in 2-fold repetition in time. Repeatability of the same options - 3 - 4-fold. The area of
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experimental plots was 200 - 300 mZ. All the experimental crops were irrigated twice at the end of May
and the middle of July, with an irrigation rate of 700 m3 per hectare. Two field experiments were set
up.

Experiment 1. Effect of soil treatment on yield of reed hayfields.

Scheme of the experiment:

1. Without tillage (control);

2. Disk harrowing with BDT - 2,2 to a depth of 10 - 12 cm, in two tracks;
3. Disc harrowing with BDT - 7.0 to a depth of 17 - 18 cm, in two tracks;
4. Plowing with PM-4 - 3,5 with a skimmer to a depth of 20 - 23 cm.

Before processing the field with disk, a cane was burned on the site. Therefore, plowing was
carried out from two sides so that the fire did not spread to other areas.

The processing of the turf of the reed meadow facilitated the penetration of air into the root layer of
the soil, and its main purpose is cutting the rhizomes of the reeds, which greatly increases the stalk on
the unit area.

After processing for the purpose of crushing the top layer of the soil, harrowing of the soil with the
"Zig-Zag" harrows and packing of the ring-shaped skating rinks ZKK-6A was carried out.

RESULTS and DISCUSSION

The results of the research showed that by establishment of an effective method of presowing soil
cultivation against the background of the optimal dose of fertilizer application and irrigation regime, it is
possible to regulate the growth and development of reed southern and thereby increase the
productivity of jelly cane cenoses.

It has been established that with deep loosening, the vegetative renewal of the southern reed is
due to the growth of the vertical rhizomes and to the intergrowth sprouts become independent plants.

On the discarded plants, the reed plants were better scraped, had powerful plants compared to the
control and plowed land.

The greatest number of plants were planted 192-203.5 plants and shoots (293 - 366.2 plants),
before harvesting was in the plots with loosening disk implements (BDT-2.2, BDT-7.0), and the
smallest number (175, 2 plants) and 225 stems in the dumping of soil at a depth of 20-22 cm.

Differences in the growth and development during cane vegetation, depending on the surface
treatment of the soil, has an effect on the productivity and formation of the yield of reed hayfields.

The growth of reed southern in different years occurs in mid-April, depending on the course of the
onset of the warm period. So, in 2013, the cane growth was recorded on the 10th, in the next 2014 -
on the 16th and on the third year also on the 10th of April. On 2014, the growth in the third year after
treatment was observed on 12 April.

Further, the growth and development of the reed southern, as well as the accumulation of the
above-ground mass, occurs as the temperature increases and continues until August.

The average height of the reed plants and average daily increments, depending on the processing
of the turf of the reed meadow have been recorded. In the phases of tillering, which usually occurs in
mid-May; tubing - the middle of June, sweeping - the second decade of July and flowering - the
twentieth of August.

A distinctive difference in plant height, according to the average daily gain in all growth variants and
over the years, was not found, although some preference should still be given to plants growing on the
disk tilled plots. If we compare the linear growth of cane in different species, then its highest stems
were on the plots disked on - 201.7 and 233.0 cm, while on plowing 183.7 and control - 196.7 cm.

Also, in the phases of the development of the reed, depending on the processing of the reed
meadow, the number of leaves was considered and their feeding area was determined.

A considerable increase in the leaf area was observed on the deep loosening with disk, compared
in the plots without tillage (control), and when the soil was plowed, A decrease in the leaf surface of
the reed was observed due to the natural drying and yellowing of leaves of the whole plant. This leads
to a weakening of the photosynthetic activity of reeds and a decrease in the rate of accumulation
during the growing season.

The smallest accumulation of dry mass during the vegetation period under plowing is was due to
the fact that on these plots growth and development of the cane leaf surface occurred at a significantly
low rate, as a result of smaller size the leaves compared to the deep loosening of 17-20 cm with disk
BDT-7.0.

The results showed that with deep loosening by disk implements the photosynthetic activity of the
cane plants improves and the number of leaves, width and length, the number of nodes increases
compared to the (control).
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This tendency was also observed on the variants where plowing to a depth of 20-23 cm was
carried out. The low productivity of reeds was due to the conditions of the Kyzylorda region that has
heavy clay and saline meadow-bog soils form large clumps during plowing, which requires additional
costs for their destruction, because the bulk of the reed rhizomes fall into the lower horizon of the soil
at a depth of 15-20 cm.

As a result, vegetative regeneration is weak, only 1-2 shrubs were formed. High air temperature
and strong winds contribute to the desiccation of the upper arable horizon, because of which the
growth and development slows down considerably, the photosynthetic activity of the southern cane
weakens.

Our results showed that the plowing during the vegetation period, a decrease in the number of
leaves (1-2 pcs) in cane, the length of the internodes is shortened by 1 to 2 cm width and length, of
leaf were the same or insignificant increased than in the plots without processing (control).

Such an advantage in terms of morphological indices - the number of leaves, the area of the
leaves, the average daily gain, the mass of 10 plants, including the mass of leaves - in the variants
where disking was carried out had a positive effect on the overall productivity of reeds.

For the life of the reed thickets, the natural aging of plants has infinitely small value. The main role
in their development have the conditions of their existence and rational ways of use. Separation of
thickets of cane by types based on the age sign, as suggested by Krivitsky (5), we consider biological
unreasonable. The decrease in the production of plant matter in a particular reed community is more
likely to worsen the conditions of existence than the regular aging.

Our observations on the reed showed that the onset of the same phenological phase in this plant is
stretched for two to three, and sometimes four weeks, depending on the climatic conditions, especially
the air temperature, lack of moisture and the water-food regime of the soil. With limited supply of water
the reed almost always ends its cycle of development and fruiting occurs earlier despite a low growth.

In unfavorable years, as in 2014, the development phase was delayed by 5-7 days, and in the plots
where deep loosening with the disk BDT-7.0, the onset of individual phases of cane development
(flowering, 14th - 16th leaf) proceeded earlier for 3 - 4 days.

As was noted, the determination of the yield of green and dry mass of the reed plants was carried
out in the experiment for a period of three years after soil cultivation. The yield of cane basically
depends on the moistening of the soil and the occurrence of groundwater. The yield was significantly
influenced by soil cultivation. The positive effect of disking was clearly traced when characterizing the
morphological features of the reed. These positive indices contributed to an increase in the yield of
cane in these variants throughout the years of recording yields (Table 1 and 2).
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The average yield of cane is about 150 tonnes of green mass, in our experience at the control it
was 15and 171.4 t / ha, and the dry weight — 43,5 and 4,8-0 t / ha. The yield of cane on the disked site
(BDT - 2,2 and BDT - 7,0), respectively, in 2013 - 190,7 and 215,2 t/ ha and in 2014 - 207,2 and 225,4
t/ ha . In the plowing plots - 168.0 and 197.7 t/ha. The additions in the disking variants were 36.5 and
61.0 for the green mass in 2013, 11.5 and 16.7 t/ ha for dry matter, and in 2014 respectively, 35.8 and
54.0 and 10.0, 0 and 15.1t/ha.

CONCLUSION
Based on experimental studies of four years, studying the improvement of reed haymaking and
previewing the literature sources, the following conclusions are made:

1. By burning old plants with subsequent processing of the area with disk BDT-2,2 and BDT-7,0
and plowing PN-4-35, the yield of haymaking can be increased. Disking to a depth of 10 - 12 cm and
17 - 18 cm provided an average yield of 199 and 220 t / ha of green mass, respectively, and 57 and 62
t / ha of hay, respectively.

2. The harvest of reed mass in various phases of its development showed that by changing the
time of mowing it is possible to obtain not lower than usual with mowing in generally accepted terms,
but of much better quality. Thus, when the cane was mowed during the tubing period, its yield
averaged 141 t / ha of green mass.
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ABSTRACT

The reclamation plan is introduced in the early planning phase of exploitation of mineral deposits by
the national Law on mining and geological research. This way the reclamation practice is joint and
adapted to the excavation and ore processing technology in order to achieve more efficient, low cost
and sustainable solutions. However, reclamation activities in Serbian mining basins are still considered
poorly applied in practice. Non-selective deposition of overburden material, sporadically coupled with
improper technical reclamation, aggravates and slows down the process of biological reclamation and
the improvement of physical, chemical and biological characteristic of underlying Technosols. Besides,
management of reclaimed land and further maintaining of reclaimed surfaces often remains
guestionable. During previous decades, although interrupted with periods of economic crisis, certain
efforts have been made towards improving the reclamation practice. Short and long-termed outcomes
of reclamation activities are achieved so that some examples of good practice may be displayed. This
is particularly reflected in the development of ecosystem processes in artificially created ecosystems,
including the development of the soil cover and the increase of biodiversity. The objective of this paper
is to give a review of the reclamation methods used in practice and the outcomes of biological
reclamation activities in some of the most important mining basins in Serbia, on base of which the
basic guidelines and directions for the adequate management measures can be given in order to
enhance the successful outcomes in future reclamation activities.

Identification of relevant publications, technical reports and unpublished sources was undertaken prior
to their systematic review. The results and the conclusions of relevant studies are summarized and
interpreted in order to answer the research questions.

Methods of reclamation in large mining basins in Serbia are described within context of ground
preparation, use of artificial covers or topsoil cover, prevailing type of biological reclamation, and
additional scientific researches. Agricultural and silvicultural approach to biological reclamation of
mining sites largely dominates in Serbia, often being coupled with ameliorative approach. As a
consequence of reclamation measures, content of nitrogen and organic matter in Technosols overly
increased in reclaimed areas, and their biogenity has generally been improved. Systematic monitoring
of reclaimed areas may provide information on soil and vegetation development that could significantly
contribute to the quality of future reclamation activities.

KEY WORDS: reclamation, outcomes, management, good practice

INTRODUCTION

Mining operations are temporary land use activities. In order to minimize the impact to the local
environment after the end of mining operations a mine reclamation plan is required. Reclamation
techniques include technical and biological processes. Technical reclamation covers landscape
shaping and levelling, drainage control measures, stabilization measures and topsoiling. The main
objective of biological reclamation process is the establishment of diverse artificial ecosystems most
suitable for designed post-mining land use. Successful biological reclamation restores the natural
capital of biota and productivity of land, which have been previously destroyed by mining operations
(Sheoran et al, 2010).

According to the The Law of Mining and the Geological Explorations (Official Gazette 101/2015)
after the exploitation of mineral resources company is obliged to carry out reclamation of the land
according to the project study. The reclamation plan is introduced in the very early planning phase of
of mineral deposits exploitation, which enables that the reclamation technology can be adapted to the
excavation and ore processing technology in order to achieve more efficient and lower cost solutions.
The project documentation for the performance of the reclamation work is regularly made, but the
projects are still poorly applied in practice. Due to the periods of economic crisis, lack of financial
resources often caused discontinuities in reclamation processes, or the absence of proper
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management measures. In addition, the information on the results of reclamation efforts is often
missing, or it is partial and incomplete (Randelovi¢, 2015, Stankovi¢ et al,2015).

One of the basic preconditions for the biological reclamation is the adequate ground preparation.
Landfilling is still subordinate to the technological process of exploitation and not the biological
reclamation process. To ensure the optimal condition for reclamation success, biological reclamation
needs to be strongly adjusted to the technical part of ground preparation.

Non-selective deposition of overburden material is a common practice in Serbian mining basins
(e.g. Bor, Majdanpek, Kostolac, Kolubara). In his way, the surface ground remain heterogeneous,
creating a variety of different conditions over a relatively small surface that often compromises the
biological reclamation efforts and success. Physical, chemical and biological properties of extracted
material are main obstacles for a successful reclamation. If the topsoil layer has been preserved, soil
cover preparation is more efficient than in the case of non-selective deposition. However, Li€ina et al.
(2017) suggest that preserved surface soil layer, used for topsoiling in biological reclamation, should
be previously tested on the excess of heavy metals, especially if the agricultural reclamation is going
to be applied.

Biological reclamation of mine wastes can be described in terms of three different basic
approaches (Hester and Harison, 1994):

a) agricultural / silvicultural - agricultural crops or forest plantations are established using conventional
or specialized techniques.

b) ameliorative - achieving optimum conditions for plant growth by improving the physical and
chemical nature of mine wastes using organic matter, fertilizers or specialized industrial products. The
most suitable species commercially available are sown on to the wastes with modified properties.

c) adaptive - selection of the most suitable species and cultivars to meet the extreme conditions of
mine wastes. This approach is simple but is constrained by the availability of the seed banks and lead-
time in producing commercial seed from promising natural or artificially selected plant material.

The objective of this paper is to present a review of the reclamation methods used in practice and
the outcomes of biological reclamation activities in some of the most important mining basins in
Serbia. The outcomes reflected in Technosol development, microorganism and vascular plant diversity
indicating a degree of ecosystem function and productivity, which are highly influenced by prevailing
abiotic and biotic conditions of specific mine basin.

This paper also aims to answer following questions: What is the prevailing type of biological
reclamation in most important Serbian mining basins? What are the main changes that arise upon the
biological reclamation? Are there any new directions emerging in nowadays reclamation practice in
Serbia?

Summarizing the findings of diverse researches and reports on biological reclamation state and
process creates a base of which the basic guidelines and directions for the adequate management
measures can be given in order to enhance the successful outcomes in future reclamation activities.

MATERIAL and METHOD

Identification of relevant publications, technical reports and unpublished sources was undertaken prior
to their systematic review. The results and the conclusions of relevant studies are summarized and
interpreted in order to answer the research questions.

RESULTS and DISCUSSION

Reclamation practice in Serbia has been developing in last couple of decades, reaching its peaks
during 80's of previous century. Reclamation practice was closely connected with economic
development and it was also heavily influenced by economic crisis in the country. So far, rather low
percentage of reclaimed area out of total deposited area has been obtained in Serbian large mining
basins (Table 1).
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Table 1

Total deposited area, reclaimed area and percentage of reclaimed area out of total deposited area in
Serbian mining basins (according to Vuiji¢ et al, 2005 and National Strategy for Sustainable Use of
Natural Goods and Resources, 2012)

Mining basin Total deposited area (ha) Reclaimed area (ha) Percentage
Kolubara 3580.6 1150.8 32.14
Kostolac 1435 462.1 32.20

Bor 827.7 112.7 13.6

Reclaimed land is managed either by the operational units within the mining companies, either
by separate companies (public entities) with a purpose of land reclamation and managing. The
organizational type influences the way reclaimed land is managed and treated. In Kolubara mining
basin special operational units are conducting reclamation work and they also permanently manage
post-exploitation land. In Kostolac mining basin this role belongs to a public company ,Reclamation
and greening”. The reclaimed land is in a public ownership, and state and local governments has
obligation to provide financial support and other measures for effective land management and other
management measures based on the sustainable development of the area (Zivanovié¢- Miljkovié and
Dzuni¢, 2013).0Operational unit within Mining Basin Bor and Institute for Mining and Metalurgy Bor as a
public institution are currently managing the mine waste and flotation tailings areas in Bor. There is no
special treatment of reclaimed areas in this mining basin, which largelz influence their size, quality and
effectiveness.

The reclamation works and post-mining land use change in largest mining basins in Serbia needs
to be accompanied with ownership transformation, e.g. returning the land to the previous owners,
transfer of land for profit or non-profit purposes (Zivanovi¢- Miljkovi¢ and DZuni¢, 2013).

Kolubara coal mining basin
The first reclamation efforts in Kolubara mining basin began in the 1950’s (Smit and Veselinovié,
1997). A total of 845.14 ha of deposited area in Kolubara mining basin has been reclaimed by the end
of 2016., out of which 738.24 ha underwent forest reclamation, and 106.9 ha agricultural reclamation
(Report on the state of the environment in MB Kolubara d.o.o., 2016). Few decades of experimenting
with crops, fruits and forest plantations, as well as application of diverse agro-technical measures, has
nowadays brought to a valid recommendations for successful reclamation of Kolubara deposits.
Agricultural reclamation process consists of substrate preparation, fertilization, sowing and care
measures. However, if preserved surface soil layer is going to be used in agricultural reclamation,
Li¢ina et al. (2017) suggest a prior metal assessment as a component of a future rehabilitation policy
for topsoil in food and fodder production in Kolubara mining basin. First phase of agricultural
reclamation consists of grass and legumes, which improves fertility of Technosols. In later phases
diverse crops (wheat — Triticum sp., corn — Zea mays, alphalpha — Medicago sativa, and sunflower —
Helianthus sp.) and fruits (apples — Maluspumila, pears — Pyrus sp., and plums — Prunus sp.) are
planted. Agricultural products from Kolubara mining basin are annually sold on market. However,
evaluation of economic parameters for success of agricultural reclamation showed that high level of
agricultural profitability cannot be expected in the case of Kolubara mining basin, according to the
investigations of Zlati¢ et al (2000). Forest reclamation in Kolubara mining basin started in 1957, but
intensive reclamation efforts began from 1973, when first forest nursery was formed on the Technosol
in Baro$evac (Smit and Veselinovi¢, 1997). The technology of establishing forest plantations consisted
of adding peat in a planting hole, or using seedlings with baled roots in order to provide favourable
conditions for the development of root system. First tree species used in reclamation of this area were
the species previously used in similar programs: Austrian pine (Pinus nigra), lime (Tilia sp.), ash
(Fraxinus sp.), larch (Larix europaea) and black locust (Robinia pseudoacacia). At later stages, other
tree species such as oak (Quercus sp.), alder (Alnus glutinosa), Douglas fir (Pseudotsuga menziesii),
maple (Acer sp.) etc. were used. Results of multidisciplinary research on this forest stands showed
that great number of autochthonous deciduous species and fast-growing conifers can be used in
reclamation of Kolubara mine deposits (Smit and Veselinovié, 1997). Technosol soil texture is one of
the major factors that determine the choice of tree species (Smit and Veselinovié, 1997). The
profitability of wood production in Kolubara Technosols depends upon tree species and site quality
(Zlati¢ et al, 2000). According to Resuli¢ et al, 2013, agrochemical properties of tested Technosols
under different forest cultures showed increased pH, lower humus and total nitrogen content, higher
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level of available phosphorous and similar or lower value of available potassium compared to the
control pseudogley soils, which represents natural autochthonous soils of Kolubara basin (Table 2).

Table 2
Agrochemical properties of Technosols and pseudogley soil under different forest cultures (taken from
Resuli¢ et al. 2013)

Locality Species pH Humus (%) N (%) E)n?gc;)/iOOg) (an§?/1009)
Technosol 1 Pinus nigra 5.5 1.48 0.1 8.2 15.4
Technosol 2 Quercus robur 6.5 1.26 0.13 6.8 22.6
Technosol 3 Alnus incana 6.5 2.1 0.05 2.1 13.6
Technosol 4 | Pseudotsuga 575 | 135 012 |37 27.8
menziesii

Technosol 5 Larix decidua 5.9 2.67 0.10 3.6 16.5
Technosol 6 Tilia sp. 5.9 1.12 0.06 2.5 15.2
Control site - | b6 nigra 455 | 3.15 016 |27 23.4
pseudogley

According to Mileti¢ (2004), one of the main limiting factor for the growth and development of the
forest trees on the reclaimed mine soils in Kolubara mining basin is the lack of nitrogen. Consequently,
the best improvements of Technosols characteristics were achieved by nitrogen-fixing species Alnus
glutinosa and Robinia pseudoacacia (Mileti¢, 2004; Miletic et al, 2009). Based on the results of a
various investigations on the reclaimed areas in Kolubara, it is recommended that the future
reforestation works should be based on formation of mixed deciduous-coniferous or mixed deciduous
forest stands, in order to enhance their ecological values and effects they produce on the surrounding
environment (Smit and Veselinovi¢, 1997).

Investigation of soil microorganisms in Technosols under forest stands showed that biochemical
processes and organic matter turnover has been established. The higher content of soil
microorganisms by their main physiological groups has been obtained under deciduous stands
compared to the coniferous stands at the reclaimed areas (Mileti¢ et al, 2005). Similar results are
obtained by Dordevi¢ et al. (2014), which have found increased number of soil microorganisms in the
7 year old birch tree stands, compared to a 16 year old silver pine tree stands. Total number of soil
microorganisms in the investigated Technosols has been reached the average levels for natural soils.

New approaches to biological reclamation in Kolubara mining basin are confined to the individual
scientific studies on small plots. Research on short-rotation forest plantations for biomass production
was established in Kolubara mining basin in order to revile proper species and optimal solutions for
the establishment of short-rotation plantations that may produce the greatest amount of biomass for
energy production. In 2006.experimental plots with Larix europaea (larch), Pseudotsuga menziesii
(Douglas fir) and Populus sp. seedlings were established at Field “D”(Drazi¢ et al, 2008), while in
2008. experimental plot with Robinia pseudoacacia seedlings was established at Field “B” (Danilovi¢
et al, 2013). Preliminary results showed that deciduous species, especially poplar, achieved better
growth compared to the coniferous trees at current stage of development (Drazi¢ et al, 2011; Drazic¢,
2017). However, continuous monitoring until the end of rotation period is needed for the proper
conclusions to be made. These investigations have been partially coupled with amelioration measures,
where waste sludge (generated in the process of coal processing) and ash (product of the wood
combustion) were successfully used as manure for tree plantations (DraZi¢ et al, 2017).

Similar approach has been undertaken by creating experimental plots with perennial grass
Mischantus x giganteus. In 2011.experimental fields of Mischantus x giganteus for biomass production
emerged in “Tamnava West Field”. The results of this experiment suggested that the development and
production rate of Mischantus x giganteus highly depends on fertility of Technosol and application of
adequate agrotechnical measures. When properly applied, it becomes possible to achieve results on
degraded Technosols close to the ones obtained on natural soils (Arandelovi¢ et al, 2014).

Kostolac coal mining basin
Reclamation works in Kostolac mining basin started in 1970's. Up to 2011", total of 704 ha has been
reclaimed, out of which 432 ha have been afforested, while 235 ha were under agronomic cultures
(Miloradovi¢-Bordevi¢ et al.,2014).

Forest reclamation was predominantly undertaken at the landfill slopes of open-pit mines
“Cirikovac”, “Kostolac”, “Klenovnik” and “Drmno” (Figure 1). Main tree species used for afforestation at

this mining basin are Robinia pseudoacacia, Populus sp. and Pinus nigra. Agricultural reclamation is
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confined to flat areas, and is sporadically been coupled with topsoiling (Figure 2). First phase of
agricultural reclamation includes sawing of rapeseed (Brassica napus), which is afterwards used as a
green manure in process of soil preparation for supporting cultivation of grasses and crops.
Investigations of potential of annual agricultural species for reclamation of mine waste deposits at
“Drmno” reflected the accumulation of heavy metals (especially Ni and Cr) in underground and
aboveground parts of plants (Lactuca sativa, Fragaria vesca, Brassica napus, Zea mays, Medicago
sativa) and the possibility for their transfer to animals and humans via food chains, which makes them
unsuitable for reclamation of this area (Licina et al, 2007).

Figure 2. Topsoil placement upon preparation for agriculture reclamation in ,Drmno*“ mine

Technosols reclaimed with poplar become richer in nitrogen and potassium, followed by formation
of humus-accumulative horizon. After 5 years of reclamation with rapeseed, legume and grasses initial
acidity of Technosols decrease, contents of humus and nitrogen increase, as well as the contents of
available potassium. State of 25 year-old forest and agricultural Technosols in “Cirikovac” mining field
showed increased content of humus and total nitrogen, as well as the decrease in content of CaCOs3 in
comparison to a non-reclaimed deposits (Table 3).The highest differences in terms of humus, total
nitrogen and available phosphorous and potassium content were obtained under agricultural areas as
a consequence of fertilization application and other agrotechnical measures.

The best condition and health status so far have been achieved by usage of black locust (Robinia
pseudoacacia). Technosols of older black locust stands are characterized by regular turnover of
organic material with formation of humus (Bordevic—Miloradovi¢ et al, 2014). Increased biogenity and
development of ecosystem processes on reclaimed areas has regularly been followed by increased
biodiversity. Over 300 species of herbaceous plants was found to inhabit reclaimed areas in mine
“Cirikovac” (Bordevic—Miloradovi¢ et al, 2014).
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Table 3

Agrochemical characteristic of non-reclaimed mine waste deposits and 25 years old Technosols under
different reclamation types (according to Dordevic—Miloradovi¢ et al, 2014)

Reclamation type PHke | Humus (%) | CaCO; (%) | N (%) Fr;(;/sloo 9) l(f”?]cg)/loo 9)
Non-reclaimed area 7.5 1.67 4.99 0.02 5.4 27.9
Spontaneously 74 | 2.28 4.18 009 |536 213
revegetated area

Forests of Pinus nigra | 6.9 231 411 0.11 5.12 19.1
Forests of Populus sp. | 7.1 3.15 4.05 0.13 5.31 18.5
Agricultural areas 7.2 3.71 4.1 0.185 | 7.81 26.3

New approaches to biological reclamation in Kostolac Mining Basin have been implemented in
previous years. Amelioration of Technosols by zeolite and coal dust prior to agricultural reclamation
has been proved to improve it's characteristics by introducing new amounts of organic carbon,
nitrogen, phosphate and potassium (Grubisi¢, 2011; Dordevic—Miloradovi¢ et al., 2014). In 2016.a
plantation of fast- growing Paulownia tomentosa was established on 3.5 ha of landfill slopes at
“Drmno” mine in order to investigate the potential of this species for the biomass production.

Bor copper mining basin

Reclamation of mine wastes and flotation tailings in Bor copper mining basin has started in late
1970’s. Due to the severe heavy metal and metalloid pollution of air, soil and water in Bor area, forest
reclamation has been predominantly applied for the purpose of environmental protection and erosion
control. Afforestation efforts have been carried out on mine wastes and flotation tailings in mines “Bor”
and “Veliki Krivelj” during 1979-1986. and 1992-1997., with species Robinia pseudoacacia (Figure 3),
Betula pendula, Quercus sp., Pinus nigra, and Carpinus sp. (Miliji¢, 1997). Agricultural reclamation has
been carried out during 1994-1995. on flotation tailings in Veliki Krivelj with rapeseed (Brassica napus)
and rye (Secale cereale).

Table 4

Chemical characteristic of Site 1 - Non-reclaimed mine waste sites with native vegetation, Site 2 -
Afforestated Technosols on mine wastes under Robinia pseudoacacia stands, Site 3 - Afforestated
Technosols on flotation tailings under Robinia pseudoacacia stands (according to Randelovi¢ et al,

2014)
Mine wastes PHH20 C (%) | N (%) | P,Os(mg/100g) K,0 (mg/100g)
Site 1 3.91-8.32 |1.35 0.03 6.1 15.8
Site 2 5.6 -7.85 1.04 0.6 7.6 19.5
Site 3 45-755 2.57 0.2 13.3 20.4

Technology for biological reclamation on deposited mine wastes consisted of providing favourable
conditions for the development of roots by adding peat in a planting holes. Biological reclamation was
preceded by topsoiling on flotation tailings sites in mines “Bor” and “Veliki Krivel]” (Figure 4).
Investigation of Randelovi¢ (2010) showed that initial stages of pedogenesis, represented by
accumulation of organic material and nitrogen in surface layers of Technosols occurred under black
locust stands,but also in the non-reclaimed areas colonized by spontaneous native vegetation (Table
4). However, there is no formation of humus-accumulative layer neither a formation of structural
aggregates in surface in investigated areas (Lili¢, 2015), except in flotation tailing sites that have been
topsoiled prior to biological reclamation. However, due to the constant exposure to aeropollution,
Technosols of flotation tailings show degradation of soil structure in comparison to the surrounding
natural soils (Lili¢, 2015).

Despite the fact that the total content of soil microflora is generally low due to the presence of metal
pollution, especially copper and arsenic (Randelovi¢, 2010; Lilic, 2015), the transformation process of
organic matter under the black locust stands has been established. The ratio of the number of soil
microorganisms in diverse physiological groups (fungi, actinomyces, oligonitrophiles, ammonifiers and
total microbes) reflects that the major part of the organic matter decomposes to the end-products.
Synthesis of humus out of the inter-products of organic matter decomposition is slow and the further
decomposition of the synthesized humic substances to the end products is either very slow, or was not
identified (Randelovi¢, 2017). Total of 105 vascular plants, which count as approximatelly 3.3% of total
flora of Serbia, have been identified in black locust stands at Bor mine wastes and flotation tailings
(Randelovi¢, 2009).
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Figure 4: Reclaimed flotation tailings with topsoil and herbaceous species

Recent reclamation efforts have been made in 2008. at “Veliki Krivelj” mine wastes, where 10 ha
were planted with black locust and Siberian elm (Ulmus pumila).Evaluation of reclaimed surfaces in
“Veliki Krivelj” reviled that Siberian elm was not able to survive present environmental conditions, while
the black locust showed different survival rates (16-95%), depending on a site conditions and
reclamation technology (Zikié et al, 2017). In the area of Bor copper mine wastes, species selection
and maintaining measures have proved to be a very important question for success of biological
reclamation.

New approaches to biological reclamation in Bor mining basin include selection of plant species for
future reclamation and investigations for the purpose of phytoremediation. During 2008. and 2009.
experimental plots at Bor flotation tailings were tested with with meliorated and sterile substrates and
chosen tree and grass species. The best results in a first year upon establishment were achieved with
the species planted in the fertile soil layer placed upon the flotation deposit, and on the mixture of soil
and flotation tailings deposit. Black locust, European ash (Fraxinus excelsior) and sycamore (Acer
pseudoplatanus) showed the best survival rate, growth, and physiological vitality (Dozi¢ et al., 2010).
This research has confirmed that it is possible to use a wider number of tree species in the
reclamation of the Bor mine basin. Investigations of phytoremediation potential of native and cultivated
species in the area of Bor mine wastes have also been conducted. Mari¢ (2014) and Randelovi¢
(2015) concluded that certain native and cultivated plant species show possibilities for significant
uptake of main pollutants in the area, such as copper, arsenic or lead in their underground or
aboveground parts. Species such as Dactylis glomerata, Vicia sativa, Festuca ovina, Taraxacum
officinale, Calamagrostis epigejos and Agrostis stolonifera can therefore be used in future reclamation
projects dealing with phytoremediation issues.

CONCLUSIONS

Although wider biological reclamation of mine wastes in Serbia started six decades ago, there is still
not enough attention paid to this process, which largely depends on the economic and political trends.
Prevailing attitude is that a reclamation is consider to be a long-term and costly solution, and not an
legal obligation to return the land into previous or similar to previous state prior to excavation. After the
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processes of reclamation, the issue of further land management and land use is often not properly
solved.

Agricultural and silvicultural approach to biological reclamation of mining sites largely dominates in
Serbia, sporadically being coupled with ameliorative approach. Adaptive approach is still not
considered as a viable alternative in reclamation of Serbian mining basins.

Content of nitrogen and organic matter in Technosols generally increase in reclaimed areas and
the content and diversity of soil microorganisms has also been improved, aiming at enhancing organic
matter turnover and nutrient cycling in artificially created ecosystems. Diversity of herbaceous species
follows the development of forest- or agroecosystems on reclaimed areas.

Scientific institutions carry out experiments in order to find efficient and cheaper, or even profitable
reclamation solutions. Modern reclamation efforts are directed toward gaining biomass for energy
production (coal mining basins Kolubara and Kostolac), or investigating a potential for
phytoremediation (metalliferous mining basin Bor).

In order to create stable foundation for the application of biological reclamation, certain
recommendation and guidelines can be met:

el andfill practice and technical reclamation solutions should be closely related and more adapted
to biological reclamation process, and this conjunction should become usual in project practice.
Selective deposition of overburden would significantly influence the success of biological reclamation,
improving the starting condition for vegetation development.

e Systematic monitoring of reclaimed areas is needed in order to gain comprehensive information
on soil and vegetation development, which will lead to new knowledge and directions for successful
reclamation. Adaptive management, which synthesizes scientific and management approach through
continual monitoring and iterative project cycle is often a proper method for sustainable management
of reclaimed areas.

e Further researches with ameliorative approach are needed in order to gain cost-effective and
more productive reclamation solutions. Phytoremediation experiments should be directed toward
practical application in selected mining basins. Species selection and maintenance measures of
artificially created ecosystems on reclaimed areas should be carefully planned, having in mind future
resilience and adaptation of these ecosystems to ongoing climate changes.
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ABSTRACT

Investigations were carried out during the 2008/2009 and 2009/2010 year on stationary field trial, which
was established in 1970 on the experimental field of the Center for Small Grains in Kragujevac. The
objective of this study was to investigate the influence of mineral nutrition on the yield of winter wheat
varieties Takov€anka. Trials were included control and six fertilization variants with different combinations
of NPK fertilizers.

Investigation where showed a considerable variation of grain yield which were in dependence from
mineral nutrition. The highest grain yields were the highest with mineral fertilizer in the combined 80
kg/ha N and 100 kg/ha P,Os (2.945 t/ha). Over the two-year period, all investigated treatments of wheat
achieved the highest average 1000-grain weight in the combined 80 kg/ha N and 100 kg/ha P,Os (41.40
9).

Analysis of variance was found highly significant effect of years on 1000 grains weight and test weight,
and significant effect of years on grain yield. Different combinations of fertilization had the most highly
significant influence on all characters, except for test weight.

Positive correlations were observed between grain yield and 1000-grain weight in all years. Grain yield
were significantly positively correlated with 1000-grain weight only in the 2008/09 (r=0.40) and 2009/10
(r=0.38).

KEY WORDS: fertilization, yield, quality, wheat

INTRODUCTION

Wheat productivity and grain quality in Central Serbia are governed by a range of factors, notably climate,
soil, genetics and crop nutrition (Peki¢ et al., 2015). Soil acidity in wheat fields in Central Serbia has
become a severe problem that leads to a significant decline in grain yield and quality of wheat (Peki¢ et al.,
2013). Several factors are decisive in increasing wheat yields: the cultivar, cultural practices, agroecological
conditions, local climatic and soil characteristics, mineral nutrition and adequate protection from plant
diseases, pests and weeds.

Mineral nutrition of wheat grown on acid soil reaction is specific. The crucial importance play
equilibred nutrition by nitrogen and phosphorus with higher impact of phosphorus nutrient. Mineral
fertilizers play a vital role towards improving crop yields but one of the main constraints in achieving
proven crop potential is imbalanced use of nutrients, particularly low use of P as compared to N. The
optimum rate of P application is important in improving yields of most crops (Peki¢ et al., 2014; Jeli¢ et
al.,, 2013, 2014). In Serbia, farmers use only nitrogen fertilizers for fodder crops while the use of P
fertilizer is negligible. These crops are usually grown on marginal lands. Hence, the production is low
and quality is poor. The absence of record yields indicates that an answer could be sought in soil, the
main substrate for field crop production. Additionally, the major previous small grain crops also suffer
from negative nutrient balance. The use of incomplete production technology in previous decades had
definitely affected the potential and actual soil fertility.

The objective of this study was to evaluate the effect of different fertilization systems on the grain yield
and quality of wheat grown on a vertisol soil. The study was also aimed at optimizing fertilization for
maximum profitability in the future wheat production of Central Serbia.
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MATERIAL and METHOD

Experimental design and soil conditions

The study was carried out in a stationary field trial involving fertilization over a two years period from
2008/09 to 2009/10. Plot size was 50 m?. The wheat cultivar used in the experiment was Takov&anka,
the dominant cultivar in the production region of Serbia. This investigation included an untreated seven
variants of fertilization: 1-control, 2-80 kg/ha N, 3-60 kg/ha P,0Os, 4-80 kg/ha N, 60 kg/ha P,0Os, 60
kg/ha K,0, 5-80 kg/ha N, 100 kg/ha P,0s, 60 kg/ha K,O, 6-80 kg/ha N, 100 kg/ha P,Os and 7-80 kg/ha
N, 60 kg/ha K,O. A non-fertilized variant served as a control. Total amounts of phosphorus and
potassium fertilizers and half the nitrogen rate are regularly applied during pre-sowing cultivation of
soil. The trial was set up in a randomized block design with five replications. Fertilization was regular
and followed a long-time scheme.

The crop was harvested at full maturity. Grain yield (t/ha) was harvested and reported at 14% moisture.
Two parameters of grain quality, namely test weight (kg/hl) and 1000-grain weight (g) were analysed.
Thousand grain weight was determined using an automatic seed counter.

The trial was set up on a vertisol soil in a process of degradation, with heavy texture and very
coarse and unstable structure. The humus content in the surface layer of soil was low (2.22%). Soil pH
indicated high acidity (pH in H,O 5.19; pH in KCI 4.27), nitrogen content in soil was medium (0.11-
0.15%), while the content of available phosphorus ranged from very low (1.7-2.9 mg/100 g soil) in the
N variant to very high (26.9 mg P,0s/100 g soil) in the NPK variants of fertilization. Available
potassium contents was high, ranged from 19.5 to 21.0 mg K,0/100 g soil.

On the basis of achieved research results, the usual variational statistical indicators were calculated:
average values, standard error and standard deviation. Statistical analysis was made in the module
Analyst Program SAS/STAT (SAS Institute, 2000).

Agroecologial conditions

This study was conducted over a three-year period in the Sumadija region, Central Serbia, on a
Vertisol soil, at Kragujevac location, 173-220 m a. s. |. (44° 22' N, 20° 56" E), in a temperate
continental climate having an average annual temperature of 11.5°C typical of Sumadija districts in
Serbia and a rainfall amount of about 550 mm. The data in Table 1 for the investigated period (2008-
2010) clearly indicate that the yearsin which the researches were conducted differed from
the typical multi-year average of Kragujevac region regard the meteorological conditions.

The average air temperature in 2008/09 was higher by 1.48°C and 2009/10 was higher by 1.01°C. The
sum of rainfall precipitation in 2008/09 was higher by 13.0 mm, where the sum of rainfall in 2009/10 was
616.2 mm higher than the average of many years and with a very uneven distribution of precipitation per
months. Spring months April, May and June in 2009/10 were surplus of precipitation, what affected
unfavorable on the crops. During the April in 2009/10 it was 142.2 mm of rainfall, what was 90.7 mm
more compared with the long term average. During the month of June in 2009/10 it was 196.7 mm of

rainfall, what was 117.4 mm more compared with the long term average.

Table 1
Mean monthly air temperature and precipitation (Kragujevac)
Year Months Average
X Xl Xl I I Il v \Y Vi Vi 9

Mean monthly air temperature (°C)
2008-09 131 85 44 23 20 6.8 134 178 202 225 111

200010 117 88 26 09 32 72 121 165 202 231 1063
Longterm 4,6 56 19 06 20 62 112 162 194 213 962

Average
The amount of rainfall (mm)
2008-09 313 306 297 577 769 403 168 460 1378 252 492.3

200910 1026 775 1942 570 1505 433 1422 1167 1967 148 1095.5

Longlem 475 500 495 368 339 435 515 648 793 625 4793
Average

RESULTS and DISCUSSION
Based on the analysis of variance, it can be concluded that are significant differences in grain yield
regarding the year of investigation (Fe,=5.926) and highly significant differences at thousand grain weight
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(Fexp=31.029") and test weight (Fe,=13.219"). Highly significant differences in grain yield (Fex,=3.295).
and thousand grain weight regard the fertilization of investigation (Fexp=3.126**). Also, the effect of the
interaction of the year x fertilization on the grain yield and 1000-grain weight was significant.
Investigations of year x fertilization interactions present the important basis for the further more
successful growing, breeding and zoning of wheat (Table 2).

The study showed that the highest grain yields were achieved in variant with 80 kg/ha N and 100
kg/ha P,Os among investigated fertilization variants. Usage of fertilizers and certain amendments on
extremely acid soils in certain years, particularly those less favorable for production, almost certainly
had different effects on grain filling, resulting in diverse relationships between productive and
qualitative traits. Presented results confirm the opinion of many authors that the traits analysed are
genetically determined, but strongly modified by the nutrient status and weather conditions (DPeki¢ et
al., 2014; Jeli¢ et al., 2013).

Nitrogen, phosphorus and potassium application, particularly on acid soils poorly supplied with
these nutrients, has a high effect on the grain yield of oats and other cereal crops (Browne et al., 2006;
Jeli¢ et al., 2013; Mohr et al., 2007; Rashid et al., 2007). The present results confirm the opinion of
many authors that the traits analysed are genetically determined but are strongly modified by the
nutrient status of the environment and weather conditions (Deki¢ et al., 2013, 2014, 2015; Jeli¢ et al.,
2013, 2014).

Table 2
Analysis of variance of the tested parameters (ANOVA)
Effect of years on the traits analysed

Traits Mean sqr Effect Mean sqr Error F(1. 68) p-level
Grain yield (tha™) 5.9230 0.999448 5.92629" 0.017547
1000-grain weight (g) 192.0629 6.189863 31.02862" 0.000000
Test weight (kg hl™) 118.8206 8.988586 13.21905 0.000534
Effect of fertilization on the traits analysed
Traits Mean sqr Effect Mean sqr Error F(6. 63) p-level
Grain yield (tha™) 2.94104 0.89269 3.294601" 0.006970
1000-grain weight (g) 23.43923 7.49743 3.126300" 0.009566
Test weight (kg hl™) 3.31590 11.27221 0.294166 0.937530
Effect of the year x fertilization interaction on the traits analysed
Traits Mean sqr Effect Mean sqr Error F(6. 56) p-level
Grain yield (tha™) 3.1830 1.08435 3.12547" 0.01025
1000-grain weight (g) 10.1015 2.21925 3.52931" 0.00155
Test weight (kg hl™) 6.2350 9.8914 0.63035 0.70529

The grain yield of wheat significantly varied across years, from 1.321 t/ha to 3.445 t/hain 2008/09, from
1.320 t/ha to 2.445 t/ha in 2009/10. Grain yield was the highest in the combined treatment 6 (80 kg/ha N
and 100 kg/ha P,0s) with mineral fertilizer NP (2.945 t/ha). Results clearly show that yield components
were significantly affected by fertilization (Table 3), the lowest values for grain yield and yield components
were obtained in the untreated control.

Thousand grain weight of wheat significantly varied across years, from 39.44 g to 42.72 g in
2008/09, from 34.16 g to 40.08 g in 2009/10. In the first year of the study, the highest average
value of 1000-grain weight achieved the 6 (80 kg/ha N, 100 kg/ha P,Os) and 2 (80 kg/ha N)
treatments (42.72 and 42.58 g). In the second year, the highest average value of 1000 grain
weight achieved the 6 (80 kg/ha N, 100 kg/ha P,0s) treatment (40.08 g).

Table 3 presents average values for grain test weight across years and treatments. All testing
fertilization variants had test weight greater than 68 kg/hl, except for control and 3 variants (60 kg/ha
P,Os). During the first year achieved the highest test weight at 7-treatment (70.08 kg/hl), followed by 4
and 5 (69.32 kg/hl and 69.63 kg/hl), while the lowest test weight was the 3-treatment 60 kg/ha P,0s
(66.26 kg/hl).

In the second year of investigations, the test weight of 80 kg/ha N, 100 kg/ha P,0O5 was the highest
with 71.89 kg/hl, while the slightly lower test weight was obtained from control (71.85 kg/hl). The
average two-year value of test weight were the highest at 7 and 6-treatments (70.61 kg/hl and 70.44
kg/hl). Grain test weight showed a very significant dependence on year (Table 3). In all years, the use
of different treatments induced a significant increase in grain test weight.
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Table 3
Grain yield, 1000-grain weight and test weight of winter wheat
Years Average
Traits Fertilization 2008/09 2009710
X S Sx X S Sx X S Sx
1Control 1.321 0.690 0.308 1.320 0.504 0.225 1.321 0.570 0.180
2 2.696 0.982 0439 2157 1.051 0470 2426 1.000 0.316
Grain 3 2.167 0.844 0.377 1970 0.505 0.226 2.068 0.664 0.210
y|eld 4 3.132 1038 0464 1.819 0.553 0.247 2476 1.046 0.331
(tha?) 5 2.938 1.204 0538 2.273 1.273 0.569 2606 1.220 0.386
6 3.445 1124 0503 2.445 0.558 0.250 2.945 0.989 0.313
7 3.160 1.160 0519 2410 0.617 0.276 2.785 0.961 0.304
1Control  39.44 1880 0.841 34.16 4.127 1846 36.80 4.109 1.299
1000- 2 4258 0.950 0.425 38.80 1.075 0.481 40.69 2210 0.699
grain 3 40.36 1.328 0.594 37.42 1.453 0.650 38.89 2.031 0.642
weight, 4 42.18 0.680 0.304 38.84 3.017 1.349 4051 2711 0.857
' 5 4238 0.789 0.353 38.12 2.018 0.902 40.25 2.670 0.844
© 6 4272 0.661 0.296 40.08 3.140 1.404 4140 2552 0.807
7 40.70 2.734 1.223 39.75 2137 0.956 40.22 2.367 0.748
1Control  67.79 2.070 0926 7185 1.456 0.651 69.82 2.725 0.862
2 68.93 1635 0.731 71.33 3.339 1.493 70.13 2.783 0.880
Test 3 66.26 4.050 1.811 7149 3.001 1.342 68.87 4.347 1374
weight 4 69.32 3381 1512 7053 2.806 1.255 69.92 2.998 0.948
(kg/l) 5 69.63 4.131 1847 7100 3.763 1.683 70.31 3.795 1.200
6 68.99 3836 1.716 7189 3.976 1778 70.44 3988 1.261
7 70.08 2.696 1.206 71.15 2.124 0.950 70.61 2.357 0.745

Table 4 shows the correlation coefficients between the traits analysed during 2008-2010 years.
Positive correlations were observed (Table 4) between grain yield and thousand grain weight in all
years. Testing the correlation coefficients between grain yield and test weight of wheat (Table 4)
was found positive and significantly correlated between in 2008/09, but negative and low
correlations between in 2009/10. However, thousand grain weight were significantly positively
correlated with grain yield only in the first year (r=0.40) and second year (r=0. 38) The results
suggest that grain yield and quality formation is affected by both genetic and environmental
factors (Peki¢ et al., 2015).

Table 4
Correlations among the analysed traits over two years (2008-2010)
Correlations in 2008/09 Correlations in 2009/10
Grain ~ 1000-grain Test Grain 1000-grain Test
Traits yield, weight, g weight, vyield, ttha  weight, g weight,
t/ha _ kg/hl _ kg/hl
Grain yield (tha™) 1.00 0.40 0.36 1.00 0.38 -0.11™
1000-grain weight (g) 1.00 0.06"™ 1.00 -0.01"™
Test weight (kg hl™) 1.00 1.00

Table 5 shows the correlation coefficients between the studied fertilization treatments and analysed
traits. Positive correlations were observed between grain yield and thousand grain weight in all
treatments. Negatively and strong correlations were observed between thousand grain weight and test
weight in the unfertilized control (r=-0. 87 ) and treatment 80 kg/ha N (r=-0. 72" )
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Table 5 Correlation coefficients for the analysed traits across treatments

Grain yield 1000-grain weight (g) Test weight
(tha™) (kg hi™
Correlations between the traits analysed in the unfertilized control
Grain yield (tha™) 1.00 0.34™ -0.23™
1000-grain weight (g) 1.00 -0.87"
Test weight (kg hl™) 1.00
Correlations between the traits analysed in the 80 kg/ha N
Grain yield (tha™) 1.00 0.30™ -0.28™
1000-grain weight (g) 1.00 -0.727
Test weight (kg hl™) 1.00
Correlations between the traits analysed in the 60 kg/ha P,0Os
Grain yield (tha™) 1.00 0.53™ 0.20™
1000-grain weight (g) 1.00 -0.44"
Test weight (kg hl™) 1.00
Correlations between the traits analysed in the 80 kg/ha N, 60 kg/ha P,Os, 60 kg/ha K,0O
Grain yield (tha™) 1.00 0.59™ -0.33™
1000-grain weight (g) 1.00 -0.11"™
Test weight (kg hl™) 1.00
Correlations between the traits analysed in the 80 kg/ha N, 100 kg/ha P,0s, 60 kg/ha K,O
Grain yield (tha™) 1.00 0.44™ 0.06™
1000-grain weight (g) 1.00 -0.27"™
Test weight (kg hl™) 1.00
Correlations between the traits analysed in the 80 kg/ha N and 100 kg/ha P,Os
Grain yield (tha™) 1.00 0.41™ 0.19™
1000-grain weight (g) 1.00 0.07"™
Test weight (kg hl™) 1.00
Correlations between the traits analysed in the 80 kg/ha N and 60 kg/ha P,Os
Grain yield (tha™) 1.00 0.11™ 0.14™
1000-grain weight (g) 1.00 0.45"™
Test weight (kg hl™) 1.00

The present results confirm the of many authors that the traits analysed and their correlations are
genetically determined but are strongly modified by the nutrient status of the environment and weather
conditions (Pekic et al., 2014; Jeli¢ et al., 2013). Deki¢ et al. (2016) stated positive correlation between
grain weight and grain yield.

CONCLUSIONS

Environmental conditions such as weather and soil and fertilization have a significant effect on grain
yield and quality in wheat. Grain yield shows a tendency to increase in the years having a higher total
amount and better distribution of rainfall during critical plant development stages. Based on the gained
results from two-year investigation on seven treatments fertilization, it can be concluded that the
highest yield achieved the treatments of two mineral elements N 80 kg/ha and P 100 kg/ha (2.945 t/ha)
and 80 kg/ha N and 60 kg/ha P,Os (2.785 t/ha) have achieved satisfactory results, while the poorest
results were achieved by the control (1.321 t/ha).

Statistically were significantly different between of year on the grain yield and highly significantly
different between of year on the 1000 grain weight and test weight. Effect of fertilization on the grain yield
and 1000 grain weight were highly significantly.

Seed yield significantly and positively correlated with 1000 grain weight both in 2008/09 and 2009/10
(r=0.40" and r=0.38’, respectively). Negatively and strong correlations were determined between 1000-grain
weight and test weight in control and 2 treatment.
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ABSTRACT

In this study, effect of consecutively two years treated sewage sludge (TSS) applications on corn and
second crop wheat yield and some soil properties of sandy clay soil (Typic Xerortent) were
investigated. The field study was conducted in 20 plots in a randomized-block design with four
replications and five different applications including control, mineral fertilizer, treated sewage sludge
12.5 Mg.ha*, 25.0 Mg.ha™, 37.5 Mg.ha™ as dry matter during 2011-2012 in Menemen-izmir, Turkey.
Corn (Zea mays L. var. ZP 737) and wheat (Triticum durum L. var. Ege 88) were sown as the first and
second crop respectively. During the experiment, soil samples were taken five times in two years.
Consecutively two years increasing TSS applications to sandy clay soil resulted in significantly
increased total biomass and grain yield of corn according to the control. The highest grain yield of
wheat as second crop was found with the highest TSS application. Increasing treated sewage sludge
aplications were significiantly increased total N, plant available P and K, total salt, CaCO3; OM content
and CEC of sandy clay soil as average of 5 sampling periods. However, It was found that, there is no
statistical relationship between TSS levels and pH values of soil samples of 1st, 2nd, 3th and 5th
periods when compared with the control. It can be recommended that 37.5 Mg.ha'l TSS as dry matter
can be added for improving plant nutrients and soil properties of sandy clay soil under Mediterranean
climate, which are characterized by low OM content and high pH.

KEY WORDS: corn, sandy clay soil, sewage sludge, soil properties, wheat.

INTRODUCTION

Agricultural recycling of organic wastes is an interesting solution since it enables a reduction of the
guantities of mineral fertilizers applied and an improvement of organic matter (OM) content of sail.
Treated Sewage Sludge (TSS) is an ultimate product of municipal wastewater treatment plant and
highly enriched in OM. Sewage sludge as an uncalled for product of wastewater treatment proses the
challenge to society of disposing of it, but at the same time gives us the opportunity of beneficial use
by closing the cycle of nutrients: sludge derived from agricultural activity must return to soil if a
sustainable and ecologically sound management of these materials is desirable (Sequi et al. 2000). At
present the major ways of disposing of sewage sludges are deposition, landfill and incineration, only
part of the sludges are used in agriculture. Where sludge is to be used on land, it is usually stabilised
by mesophilic anaerobic digestion, or aerobic digestion and then treated with polymers and
mechanically dewatered using filter presses, vacuum filters or centrifuges. Other treatment processes
for sludge going to land include long-term storage, conditioning with lime, thermal drying and
composting. As municipalities upgrade waste water treatment systems and public opinion and
legislation discourages disposal of organic materials in landfills, biosolids are projected to become
increasingly available for agricultural use. Organic materials can differ considerably in terms of the
extent to which they increase soil organic matter contents and alter soil physical and chemical
properties (Barker et al. 2000). Sewage sludge may contain significant amounts of N, P and trace
elements. The use of sewage sludge has been recommended to improve the chemical and physical
properties of soil (Wong and Su 1997; Debosz et al. 2002). The beneficial effects of using sludge on
agricultural soils have been proven by numerous researchers (Wong and Su 1997; Aggelides and
Londra 2000; Benitez et al. 2001; Selivanovskaya et al. 2001; Debosz et al. 2002). The use of
biosolids as agricultural soil amendments and fertiliser replacements is also relatively well researched
(Cogger et al. 2004; Corre™a 2004; Tarraso'n et al. 2008; Delibacak et al. 2009a), and fertiliser advice
is available for these materials (Defra 2010). TSS contains macronutrients, trace elements and heavy
metals. These attributes potentially make TSS an excellent fertilizer at very low cost for agricultural
land in Turkey which is generally rich in lime, low in OM. However, special care should be taken with
respect to micronutrients and heavy metals so as not to introduce excessive amounts of these
elements, which could have an adverse effect on the environment, especially when soil is acidic
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(Delibacak et al. 2009a; Mercik et al. 2003, Pascual et al. 2004). The purpose of this work has been to
evaluate the effect of consecutively two years municipal TSS doses applications on the corn and
second crop wheat yield and N, P, K content and some soil properties of sandy clay soil during five
different periods in two years.

MATERIAL and METHOD

Experimental site

The experiment was conducted at the research field of Aegean Agricultural Research Institute in
Menemen plain, Izmir, Turkey (38°56'87.96"-38°56'91.02"N; 27°03'57.52"-27°03'58.61"E) (Figure 1).
The experimental site is in the Western Anatolia region of Turkey, where the Mediterranean climate
prevails with a long-term mean annual temperature of 16.8 °C. Long-term mean annual precipitation is
542 mm, representing about 75% of rainfalls during the winter and spring, and the mean relative
humidity is 57%. Long-term mean annual potential evapotranspiration is 1,570 mm (IARTC, 2012).
The investigated soil is characterized by sandy clay texture with slightly alkaline reaction and classified
as a Typic Xerortent (Soil Survey Staff, 2006). Some selected properties and total heavy metal
concentrations in the experimental soil and TSS used in the experiment are given in Table 1 and 2.
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Figure 1. Location of study area

Table 1

Some selected properties of experimental soil.
Sand (%) 43,84 pH (Saturation paste) 7.71
Silt (%) 16.44 Pb'  mg/kg 16.40
Clay (%) 39.72 cu'  mgkg 17.28
Texture Sandy clay zn'  mglkg 46.10
Salt (%) 0.165 cd®  mglkg 0.76
CaCO, (%) 0.63 cr'  mglkg 15.00
Org. matter (%) 1,53 Ni*  mglkg 24.68
' Total
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Table 2

Some selected properties and total heavy metal concentrations of treated sewage sludge used in the

experiment.
EC dS/m 16,35 Fe' % 1,14
CaCO, (%) 10,24 cu* mg/kg 268,8
Org. matter (%) 70,32 zZn' mg/kg 1335
Org. C (%) 40,79 Mn* mg/kg 298,6
N (%) 5,33 B* mg/kg 035,2
=X (%) 1,33 Co' mg/kg 014,2
K* (%) 0,68 cd* mg/kg 004,1
ca' (%) 3,74 crt mg/kg 250,6
Mg" (%) 0,68 Ni* mg/kg 115,4
Na' (%) 0,59 Pb' mg/kg 199,4
Total

Field experiment

The field study was conducted in 20 plots in a randomized-block design with four replications, during
2011-2012. The plot dimensions were 3 m width and 3 m length. The TSS used in the experiment was
obtained from the wastewater treatment plant of Metropolitan Region, Izmir city. It may produce
around 600 t (moist basis) sewage sludge per day. Calcium oxide was added to raise the efficiency of
the dewatering process of sewage sludge. In addition, the SS produced presented a pH varying
between 10 and 13, what increased the pathogen control and decreased the heavy metal availability
by added calcium oxide. TSS was added to the experimental soil under investigation at the rates of
12.5tha™; 25.0t. ha™; 37.5 tha™ as dry matter on July 14, 2011. Also 150 kg N, 150 kg P,Os, 150 kg
K,O ha™ (1000 kg ha® 15.15.15. composed fertilizer) were applied to the only mineral fertilizer plots at
the same time and mixed with soil to 15 cm depth. Corn grains were sown with seeding machine on
rows 18 cm and in rows 70 cm apart. Drip irrigation was provided when required. Harvest of corn was
done manually on November 17, 2011. Wheat grains were sown with seeding machine on November
22, 2011 to 5 cm of soil depth as second crop. Also 80 kg N ha™ and 80 kg P,Os ha™ (400 kg ha™
20:20:0. composed fertilizer) were applied only to the mineral fertilizer plots at the same time and
mixed with soil to 15 cm depth before wheat seeding. Wheat was harvested with machine on July 10,
2012. Second year, again TSS was added to the experimental soil under investigation at the rates of
12.5tha™; 25.0 t. ha™; 37.5 t.ha™ as dry matter on July 14, 2012. Also 150 kg N, 150 kg P,0s, 150 kg
K,O ha™ (1000 kg ha® 15.15.15. composed fertilizer) were applied to the only mineral fertilizer plots at
the same time and mixed with soil to 15 cm depth. Corn grains were sown with seeding machine on
July 18, 2012. Harvest of second year’s corn was done by hands on November 1, 2012.

Soil sampling and analyses

During the experiment, soil samples were taken from the center of each plot in five different periods
(1st, August 11, 2011-3 weeks after sowing of corn; 2nd, November 17, 2011-after corn harvest; 3rd,
July 11, 2012-after wheat harvest; 4th, August 7, 2012-3 weeks after sowing of second year corn; 5th,
November 1, 2012- after corn harvest of second year). The samples were air-dried and sieved using
2-mm sieve. All analysis were done in these sieved soils. Particle size distribution of experimental soll
was determined by the Bouyoucos hydrometer method (Bouyoucos 1962). Total salt, OM
concentration, CaCOg;, pH, total P, K, Ca, Mg, Na, Fe, Cu, Mn, Zn, Cd, Cr, Co, Ni, Pb and B
concentrations of TSS were all determined according to Page et al. (1982). Some properties (total salt,
OM concentration, CaCOs;, pH) of the soil were also determined according to Page et al. (1982).
Cation exchange capacity (CEC) of experimental soil was determined according to Chapman (1965).
Total N content of soil and TSS were determined using a modified Kjeldahl method (Bremner 1965).
Available P in soil was determined by the Mo blue method in NaHCOj; extract (Olsen et al., 1954).
Available Available Ca, Mg, K and Na were analyzed with 1N NH,OAc extract method. Ca, K and Na
were determined by flame emission spectrometry and Mg was determined by flame atomic absorption
spectrometry (AAS) (Kacar 1994). Fe, Mn, Zn and Cu were extracted using DTPA (diethylene triamine
pentaacetic acid) solution (Lindsay and Norwell 1978). The concentrations of these elements in the
extracts were determined by AAS (AOAC 1990).

Statistical analysis

Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 17 (SPSS
17.0 2008). Tukey test was used to find if differences in the treatments were significant at P<0.01 or
P<0.05 (Steel and Torrie, 1980).
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RESULTS and DISCUSSION

Influence of TSS applications on yield of corn and second crop wheat grown in sandy clay soil

Influence of TSS applications on total biomass and grain yield of corn grown in sandy clay soil are
given in Table 3 and Table 4, respectively. The increasing TSS rates significantly increased 1st and
2nd year and average of total biomass and grain yield of corn in the experiment. Antoli'n et al. (2005)
stated that the yield of barley increased in sludge and mineral amended plots in comparison to
unamended plots. This increased grain yield was primarily due to increased ear number per unit of
area. The higher yields in sludge-treated crops are usually attributed to an improvement in the soil
conditions, by the supply of additional C from the sludge (Navas et al. 1998; Christie et al. 2001). The
highest grain yield of wheat as second crop was found with the highest TSS application. Hernandez et
al. (1991), Jamil et al. (2004), Jamil et al. (2006) and Tamrabet et al. (2009) reported that sewage
sludge increased the grain yield and straw production of wheat. They mentioned that the maximum
yields in both grain and straw were obtained at 40 Mg ha™* of sewage sludge application. Al-Mustafa et
al. (1995), Singh and Singh (1999), Al Zoubi et al. (2008) and Ailincai et al. (2010) also mentioned
highest increase in the grain and straw yield of wheat treated with sewage sludge.

Table 3

Influence of treated sewage sludge (TSS) applications on total biomass yield of corn grown in sandy
clay soil (Tukey: P< 0,01: P<0,05)

Average of 1st| 1st  year 2nd  year
Applications and 2nd. vyear | yield yield

yield (Mg.ha™) (Mg.ha™) (Mg.ha™)
Control 31.65c" 34.45¢ A>  2885b A
Fertilizer 33.61c 36.83 ¢ A 30.38b B *
125 Mg.ha’lTSS 37.87 bc 44.54 bc A 31.20 ab B *x
25.0 Mg.ha’lTSS 46.44 ab 56.00 ab A 36.87 ab B *x
37.5 Mg.ha’lTSS 49.08 a 58.83 a A 39.33 a B *x

*%* *%* *%

Significant differences between treatments at ** P< 0,01 or * P< 0,05 level indicated by different letters. 'Small
letter in column for applications, 2capital letter in row for years.

Table 4

Influence of treated sewage sludge (TSS) applications on grain yield of corn grown in sandy clay soil
(Tukey: P< 0,01: P<0,05)

Average of 1st 1st year 2nd year
Applications and 2nd. year yield yield

yield (Mg.ha™) (Mg.ha™) (Mg.ha™)
Control 3.31b" 3.66 c A> 295D A
Fertilizer 481b 6.33 bc A 3.28b B *
12.5 Mg.ha’lTSS 5.24b 6.52b A 2.96 ab B *
25.0 Mg.ha’lTSS 7.60 a 8.73 ab A 6.48 a B *
375 Mg.ha’lTSS 8.68 a 11.04 a A 6.33a B **

*% *%* *%

Significant differences between treatments at ** P< 0,01 or * P< 0,05 level indicated by different letters. 'Small
letter in column for applications, 2capital letter in row for years.

Influence of TSS applications on grain yield of second crop wheat grown in sandy clay soil are given in
Table 5.
Table 5

Influence of treated sewage sludge (TSS) applications on grain yield of second crop wheat grown in
sandy clay soil (Tukey: P< 0,05)

Applications Control Fertilizer 12.5 25.0 37.5

PP Mg.ha'TSS Mg.ha ' TSS Mg.ha ' TSS
Grain yield of second crop 1161b'  1.888ab 1.697 ab 1.961 ab 2.233a
wheat (Mg.ha™)

TSignificant differences between treatments at * P< 0,05 level indicated by different letters.

Influence of TSS applications on total N, plant available P and K content of sandy clay soil
Influence of TSS applications on total N content of sandy clay soil is given in Table 6.
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Table 6
Influence of treated sewage sludge (TSS) applications on total N content of sandy clay soil
Total N (%) Tukey:P< 0,01

Average Soil sampling periods
Applications of 5
periods 1 2 3 4 5
Control 0.076c* |0.108b A? 0.080b AB 0.08la AB 0.068d AB 0.042b B [**
Fertilizer 0.091 bc [0.118b A 0.090b A 0.092a A 0.113bc A 0.044b B [**
12.5 Mg.ha’lTSS 0.094bc (0.118b A 0.109b A 0.091a A 010lcd A 0.050ab B |**
25.0 Mg.ha’lTSS 0.113b (0.146b A 0.119ab AB 0.095a BC 0.143ab A 0.062ab C |**
375 Mg.ha’lTSS 0.147a |0.222a A 0.153a B 0.106a C 0.164a B 0.089 a C |**

*% *% *% *% **

Significant differences between treatments at ** P< 0,01 level indicated by different letters. "Small letter in column
for applications, 2capital letter in row for periods.

The increasing TSS rates significantly increased total N concentration of the average of 5 sampling
periods of soil compared with the control. Total N concentration in the soil decreased particularly in the
3th and last ( 5th) period because of the plant uptake of N in soil. 4th period’s total N concentrations
of soil samples were increased by second year application of TSS. Brofas et al. (2000) stated that N
concentration increased with sludge applications. Bozkurt and Cimrin (2003) determined that sewage
sludge applications increased the total N concentration about five-fold at the highest sludge rate.
White et al. (1997) found that N mineralization potentials were significantly higher at high sludge rates.
Magdoff and Amadon (1980) estimated that 55% of organic N in sludge incorporated in soil was
mineralized during the first year. Under optimum laboratory conditions at a temperature of 35 °C, 55 to
95% of the organic N was mineralized in a 24-week period. The rate of mineralization is a function of
the amount of the sludge added to soil. A good N balance is a critical factor in any land application
program. Over application of N can result in groundwater contamination. Under application can lead to
less than optimum crop yields and consequently to farmer dissatisfaction. It is important that sufficient
sludge is applied to obtain optimum crop response without excessive NOs-leaching. Further
investigation is needed to develop more precise methods for balancing N from different sludge types
and for varying soil conditions.

Influence of TSS applications on plant available P content of sandy clay soil is given in Table 7.

Table 7
Influence of treated sewage sludge (TSS) applications on plant available (extractable with NaHCO3) P

content of sandy clay soil
Available P (mg.kg™) Tukey:P< 0,01; P< 0,05

— Average Soil sampling periods
Applications of 5
periods 1 2 3 4 5

Control 32.38d" [45.87d A® 26.40c B 3279c AB 3221d AB 2464d B |*
Fertilizer 53.89¢c |7527c A 33.30c C 57.16ab AB 59.32c AB 44.39cd BC |**
12.5 Mg.ha’lTSS 59.22c¢ |7521c A 5475b AB 44.00bc B 68.05c A 54.09c AB |**
25.0 Mg.ha’lTSS 80.31b |[108.49b A 6155b C 55.07ab C 93.13b AB 83.31b B |**
37.5 Mg.ha’lTSS 111.97a |156.18a A 102.71a B 7532a C 11997a B 105.69a B |**
*% *% *% *% *% *%
Significant differences between treatments at ** P< 0,01 or * P< 0,05 level indicated by different letters. ISmall
letter in column for applications, 2capital letter in row for periods.

Applications of increasing TSS rates significantly increased the plant available P concentrations of
soil in 5 different soil sampling periods according to the control. In the course of time, depending on
decomposition of OM and using of plant available P in soil by produced plants, the effect of TSS rates
on plant available P concentrations in soil decreased especially in the 3th and last (5th) period. 4th
period’s plant available P concentrations of soil samples were increased by second year application of
TSS. White et al. (1997) and Brofas et al. (2000) also reported a remarkable increase in plant
available P in soil after the application of sewage sludge. Another study showed that P concentrations
increased more than six-fold from control to the highest application rate plots (Sullivan et al. 2006).

Influence of TSS applications on plant available K content of sandy clay soil is given in Table 8.
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Table 8

Influence of treated sewage sludge (TSS) applications on plant available K content of sandy clay soil
Available K (mg.kg™) Tukey:P< 0,01; P< 0,05

Average Soil sampling periods
Applications of 5
periods 1 2 3 4 5

Control 170.07c'| 174.84c A” 168.11a A 165.82a A 17255b A 169.01b A
Fertilizer 204.65 ab| 235.45b A 202.23a AB 186.30a B 218.02ab AB 181.46ab B | *
12.5 Mg.ha'TSS 183.31bc| 184.16 bc A 172.99a A 170.96a A 2045lab A 1839lab A
25.0 Mg.ha*TSS 203.95ab| 228.46 bc A 185.17a AB 169.46a B 223.56ab AB 213.10ab AB | **
37.5Mg.ha’TSS 224.48a| 298.40a A 192.92a BC 174.29a C 240.79a B 21598a BC|**
*% *% *% *%
Significant differences between treatments at ** P< 0,01 or * P< 0,05 level indicated by different letters. ISmall
letter in column for applications, 2capital letter in row for periods.

Increasing TSS rates significantly increased available K concentration of the average of 5 sampling
periods of soil compared with the control. Delibacak et al. (2009a) found that, plant available K
increased with TSS rates from 340 mg kg™ in the control plots to 419 mg kg™ with the 90 Mg ha™
application rate. On the other hand, Marti'nez et al. (2003) noted that, plant available K concentrations
in soil were low and did not increase significantly with biosolid treatments compared with the control.

Influence of TSS applications on some properties of sandy clay soil

Influence of TSS applications on pH of sandy clay soil is given in Table 9. It was found that, there is no
statistical relationship between TSS levels and pH values of soil samples of 1st, 2nd, 3th and 5th
periods when compared with the control. pH values of experimental soil is higher than 7. It is
recommended that soil pH should be maintained above 6.5 for sludge amended soils (Henning et al.
2001). Smith (1994) noted that optimal pH value for growth of the majority of plants was between 6.5
and 7.0. The soil pH is also one of the major factors controlling the availability of heavy metals.

Table 9

Influence of treated sewage sludge (TSS) applications on pH of sandy clay soil
pH Tukey: P< 0,01; P< 0,05

o Average of Soil sampling periods
Applications :
5 periods 1 2 3 4 5

Control 757ab' |7.76a A’ 771a A 7.23a B 7.49ab AB 7.65a A |**

Fertilizer 7.37b 748a ABC 753a A 7.18a BC 7.17b C 750a AB |*
12.5 Mg.ha*TSS 7.58 a 754a AB 785a A 73la B 753a AB 7.67a AB |**
25.0 Mg.ha'TSS 7.57 ab 758a A 773a A 74la A T744ab A 7.69a A
37.5 Mg.ha'TSS 7.56 ab 747a B 782a A 743a B 745ab B 764a AB |*

* *

Significant differences between treatments at ** P< 0,01 or * P< 0,05 level indicated by different letters. 'Small
letter in column for applications, 2capital letter in row for periods.

Influence of TSS applications on total salt content of sandy clay soil is given in Table 10.

Table 10

Influence of treated sewage sludge (TSS) applications on total salt content of sandy clay soil
Total salt (%) Tukey:P< 0,01

o Average of Soil sampling periods
Applications :
5 periods 1 2 3 4 5
Control 0.131¢* [0.139c¢c AB* 0.109a AB 0.079a B 0.170c A 0.156c A | **
Fertilizer 0.161c 0.160 bc AB 0.106 a B 0.093a B 0.228c A 0.220c A *k
12.5 Mg.ha’lTSS 0.170c 0.173bc AB 0.126 a B 0.089a B 0.244c A 0.220c A *k
25.0 Mg.ha’lTSS 0.232b 0.240ab B 0.129a C 0.090a C 0.336b A 0.364b A *k
37.5 Mg.ha’lTSS 0.299 a 0.305a B 0.173a C 0.089a C 0463a A 0465a A *k

*% K% *% K%k

Significant differences between treatments at ** P< 0,01 level indicated by different letters. “Small letter in column
for applications, 2capital letter in row for periods.

The increasing TSS rates significantly increased total salt concentration of the average of 5
sampling periods of soil compared with the control. The highest total salt was found with the highest
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(37.5 Mg.ha™* ) TSS level. Mineralization of organic materials increases soil total salt content. But, by
the time mineral matters taken by plants as plant nutrients and salt level of soil dicreased.
Influence of TSS applications on CaCO; content of sandy clay soil is given in Table 11.

Table 11

Influence of treated sewage sludge (TSS) applications on CaCO; content of sandy clay soil
CaCOs3 (%) Tukey:P<0,01; P< 0,05

Average of Soil sampling periods

5 periods 1 2 3 4 5

Applications

Control 0.62c 0.52 b AB® 051b B 0.71a 0.72b 0.65b AB [**

A A

Fertilizer 0.64c 054ab A 062ab A 074a A 068b A 064b A
12.5 Mg.ha'TSS 0.71 bc 053ab B 0.71ab AB 0.77a A 0.83ab A 0.72ab AB |**
25.0 Mg.ha*TSS 0.79 ab 0.70ab A 0.71la A 082a A 08%9ab A 084ab A
37.5 Mg.ha’lTSS 0.85a 0.77 a AB 0.74a B 087a AB 0.96a A 0.93a AB [*

*% K%k * * K%

Significant differences between treatments at ** P< 0,01 or * P< 0,05 level indicated by different letters. 'Small
letter in column for applications, 2capital letter in row for periods.

The increasing TSS rates significantly increased CaCO; content of the average of 5 sampling
periods of soil compared with the control. It can be said that High CaCO; content of TSS (10.24%)
increased CaCOs;content of soil.

Influence of TSS applications on CEC of sandy clay soil is given in Table 12.

Table 12
Influence of treated sewage sludge (TSS) applications on cation exchange capacity (CEC) of sandy
clay soll
CEC (meqg/100g) Tukey: P< 0,01; P< 0,05
o Average of Soil sampling periods
Applications 5 peri
periods 1 2 3 4 5
Control 2479b' |2527a A*> 25453a A 239l1a A 2476ab A 2457ab A
Fertilizer 2480b |25.18a A 2585a A 2436a A 2426b A 2437b A
12.5 Mg.ha’lTSS 25.70ab |2554a A 2644a A 25.02a A 2541ab A 26.07ab A
25.0 Mg.ha’lTSS 26.23ab |26.17a A 268la A 2549a A 26.11ab A 2657ab A
37.5 Mg.ha’lTSS 26.75a |26.76a A 27.08a A 26.15a A 2701la A 26.72a A

*% * *

Significant differences between treatments at ** P< 0,01 or * P< 0,05 level indicated by different letters. 'Small
letter in column for applications, 2capital letter in row for periods.

It was found that, increasing TSS rates significantly increased CEC of the average of 5 sampling
periods of soil compared with the control. Ahmed et al. (2010) determined that use of sewage sludge
in soil showed higher nitrogen and phosphorus contents than the control soil, but a similar content of
CEC. On the other hand, Alcantara et al. (2009) observed that the concentrations of phosphorus,
nitrogen, sulfate, and CEC, organic carbon were positively correlated with sewage sludge dose
applied to the sail.

Influence of TSS applications on organic matter content of sandy clay soil is given in Table 13.

Treatments of increasing TSS levels significantly increased OM content of soil samples all periods
and average of 5 periods except for 3th period. In the course of time, depending on decomposition of
OM in soil, the effect of TSS levels on OM concentration in soil decreased especially in the 3th period.
Because of second year application of TSS, OM content of soil samples increased again in 4th and
5th periods. Analogously to our study, Delibacak et al. (2009b) found out an increase in the
concentrations of OM in soil caused by increasing doses of sewage sludge introduced to soil.
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Table 13

Influence of treated sewage sludge (TSS) applications on organic matter (OM) content of sandy clay
soil

OM (%) Tukey: P<0,01; P< 0,05

Soil sampling periods

Applications Average of
5 periods 1 2 3 4 5
Control 1362b" [154b A*> 143b A 132a A 132b A 1.18b A

Fertilizer 1.343b 154b A 141D A 126a A 131b A 117b A
12.5Mg.ha'TSS 1.628bc [1.85bc A 1.80ab AB 1.4la AB 171ab AB 1.35bc B *
25.0 Mg.ha'TSS 1.904ab |2.26ab A 2.02a AB 152a B 193a AB 1.77ab AB |**
37.5 Mg.ha'TSS 2.145a 279a A 212a B 170a B 218a B 191a B *

*% *% ** *% *%

Significant differences between treatments at ** P< 0,01 or * P< 0,05 level indicated by different letters. 'Small
letter in column for applications, 2capital letter in row for periods.

CONCLUSIONS

Consecutively two years Increasing TSS applications to sandy clay soil resulted in significantly
increased total biomass and grain yield of corn according to the control. The highest grain yield of
wheat as second crop was found with the highest TSS application. Increasing treated sewage sludge
aplications were significiantly increased total N, plant available P and K, total salt, CaCOj3 organic
matter content and CEC of sandy clay soil as average of 5 sampling periods. However, It was found
that, there is no statistical relationship between TSS levels and pH values of soil samples of 1st, 2nd,
3th and 5th periods when compared with the control. pH values of experimental soil is higher than 7. It
can be recommended that 37.5 Mg.ha™ TSS as dry matter can be added for improving plant nutrients
and soil properties of sandy clay soil under Mediterranean climate, which are characterized by low OM
content and high pH. Sewage sludge application to agricultural land has been a widely accepted
practice during recent years. Its use in agricultural land is promoted because it is considered that it will
solve not only the problem of disposal but also will increase productivity in agriculture. Further
investigations are necessary to quantify the fertiliser replacement value of plant nutrients. In particular,
accurately characterising the P fertiliser replacement value of sewage sludge will become an
increasingly important issue for effective P recycling in agricultural production and food security in
future as geological P reserves are depleted and P fertiliser costs increase. At levels above the
agronomic recommended rate, however, the potential for negative externalities may be quite
substantial. Monitoring the soil periodically for nutrient levels would be prudent to avoid any excess
levels on N or other plant nutrient. More continuous long-term experiments are needed to improve the
understanding of the effects of sewage sludge on soil fertility and crop yield to contribute to the
development of sustainable agricultural practices. However, negative effects of sewage sludge such
as elevated heavy metal levels resulting from the usage of sewage sludge must also be taken into
consideration. Sewage sludge containing pathogenic organisms should be handled and applied in a
proper manner to reduce the risks to human and animal health. Finally, the application of TSS to soil
must obey the limited regulations. After the analysis of sewage sludge and soil, a governmental
permission is needed to apply them to agricultural lands in Turkey.
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ABSTRACT

Soybean (Glycine max (L.) Merr.) is the most important legume for food production. Soybeans, in
Serbia, in the last years, are grown on 180,000 ha to 200,000 ha. Several-year-old soybean yields
were about 2.5 kg ha™, in average. The year 2016 had the record yield of 3.5 kg ha™. Growth of
soybean production was registered in Serbia, primarily due to increase of its production area and also
because of its yield increase. High yields will be reduced when deficit in essential nutrients and
precipitation are present. The aim of this investigation was to estimate the effect of seed inoculation
and fertilization on plant height in soybean variety, in arid year.

In dry years, fertilization has a significant effect on increasing the soybean yield and mitigate the
effects of drought. In tested year, for the production of soybean, it is recommended the use of 150 kg
ha™ of CAN, directly with the sowing, if it is not applied microbiological fertilizer - NS Nitragin, or use of
100 kg ha™ of CAN, if it is inoculated with NS Nitragin before seeding.

KEY WORDS: soybean, pseudogley, morphological characteristic, NS Nitragin, CAN

INTRODUCTION

Soybean [Glycine max (L.) Merrill] is the most important oilseed and livestock feed crop, which
accounts for 58% of the total world oilseed production and 69% of protein meal which is consumed by
livestock. According to the Food and Agricultural Organization data (FAO, 2015), soybean is cultivated
worldwide, generating 276,406,003 tonnes, of which almost 30% is obtained in the United States of
America. Worldwide, the economic value of soybean is 119,516 million US dollars, owing to the
versatile use in many fields of industry. As well as making a contribution to the alleviation of some
chronic diseases (Kahraman, 2017), soybeans is an essential source of dietary protein, oil and
minerals for humans and animals.

Several challenges of soybean production need to be overcome for soybean production to sustain
the predicted global population growth rate. The current yield increase rate is of 1.3%, but, required
increase is around 2.4% for satisfaction of demands by 2050 (Ray et al., 2013; Rocha et al., 2015).

Soybeans in Serbia, was grown on 180,000 ha in 2016 (on 201,470 ha in 2015). Several-year-old
soybean average grain yields in Serbia were 2.5 t ha™, and variation of 1.9 t ha™ (2015) and 3.5t ha ™
in 2016, etc. Soybean crop, yielding 2.5 t seed, takes out from the soil, per hectare, about 125 kg
nitrogen, 23 kg phosphorus, 101 kg potassium, 22 kg sulphur, 35 kg calcium, 19 kg magnesium, 192 g
zinc, 866 g iron, 208 g manganese and 74 g copper per hectare from the soil (Tandan, 1989). Growth
of soybean production was registered in Serbia, primarily due to increase of its production area and
also because of its yield increase.

Nitrogen is one of the major nutrients that are required for soybean growth and development.
Nitrogen is reported to promote the vegetative growth of plants and increase assimilation by making
more available area for photosynthesis area (Bangar et al., 2000; Ghadir Mohammadi et al., 2015;
Popovi¢ et al., 2011).

Nitrogen is the plant nutrient that is often most limiting to efficient and profitable crop production. At
plants, inadequate supply of available N frequently results in plants that have slow growth, depressed
protein levels, poor yield of low quality produce, and inefficient water use. Nitrogen-stressed plants
often have greater disease susceptibility compared with properly nourished plants. However,
excessive N can be detrimental for crop growth and quality, in addition to causing undesirable
environmental impacts. Unlike other plant nutrients (like P and K), there is no universal or widely used
soil test for prediction of the amount of supplemental N required to meet the crop’s need. Instead, the
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need for N supplementation is typically based on yield expectations, field history, and measurement of
residual NO®. Nutrients in commercial fertilizers are generally soluble, so their availability to plants is
quite predictable. However, most organic N sources require mineralization (conversion to inorganic
forms) before they can be used by plants. Environmental factors such as soil temperature, pH,
moisture, and management practices such as tillage intensity all impact the rate of availability of N
from organic sources (Mikkelsen and Hartz, 2008).

Soybean has a high demand for nitrogen due to high protein content in the seed (about 40% and
about 15% N). Nitrogen is, in nature, a predominant ingredient of air (78%), and most organisms can
not directly use it. Soybean as a legume is able to provide nitrogen through the process of N fixation,
biological relationship between soybean and soil bacteria Bradyrhizobim japonicum. N fixation
provides up to 75% of the total required nitrogen. Soybean plants assimilate a large amount of
nitrogen (about 330 kg N ha™ for a yield of 4 t ha™) during vegetation period, and the amount of N
adopted in a plant adopted is highly correlated with the soybean seed yield (Ohyama et al., 2013;
Popovi¢ et al., 2013, 2016a), as well as with the chemical composition of soybean grains (Salvagiotti
et al., 2008, Buki¢ et al., 2010; Popovi¢ et al., 2013; 2016a). Soybean plants obtain nitrogen from
three sources (Gai et al., 2016); (1) nitrogen derived from biological N, fixation by root nodule; (2)
soybean’s requirenment for nitrogen can be fulfilled by soil nitrogen. High levels of nitrogen in soil
inhibit symbiotic N, fixation and under these conditions, soil provides the majority of the plant's needs
for nitrogen (Streeter, 1988). Conversely, N,-fixation supplied the majority of the plant's requirements
for nitrogen under conditions of low level of nitrogen in soil; and (3) nitrogen from applied fertilizer. For
optimum soybean yield, it is necessary to use both biological N,-fixation and apsorption of nitrogen
uptake by soybean roots (Harper, 1974; 1987). Applying of nitrogen fertilizer in soybean crop is based
on the plant nitrogen needs during seedling development prior to nodule formation that is crucial to the
growth and development of soybean (Harper 1974; Hatfield et al. 1974). Hardy et al. (1971) reported
that N,-fixation began 14 days after planting only when soybean had cultivated under optimum
temperature and moisture conditions, while a small amount of nitrogen fertilizer at planting might be
beneficial for early vegetative growth. In the study by Bergersen (1958), it was pointed out that
nitrogen applied before sowing was beneficial to soybean growth, given that soybean root nodules
were not formed until at least 9 days after soybean emergence. Additionally, starter nitrogen fertilizer
can supply plant with nitrogen until biological Nj-fixation begins by the root nodule (Touchton and
Rickerl, 1986; Popovi¢, 2010; Popovic et al., 2013; 2016a).

High yields will be reduced when deficit in essential nutrients and precipitation are present.
The aim of this investigation was to estimate the effect of seed inoculation and fertilization on plant
height in soybean variety, in arid year.

MATERIAL and METHOD

Small plot field trial was carried out in order to investigate the influence of fertilizer calcium ammonium
nitrate (CAN) on soybean plant height, at the site of Brcko, on pseudogley type of soil. Field
experiments were conducted in arid year, using a randomized complete block design, with three
replications. The main plot area was 10.8 m?. The soybean variety Backa, maturity group O, was
tested. Density of crops was the same for all variants and amounted to 500,000 plants per hectare.
During experiment a standard technology for growing soybean was applied, (Stevanovic et al., 2016;
Popovi¢ et al., 2017) excluding studied factors. Sowing was done at beginning of April.

The following factors were examined:

(1) Fertilization: There were four variants of the applied doses of CAN:
(@ 0kgha' - control;
(b) 50 kg ha™
(c) 100 kg ha™
(d) 150 kg ha™
(2) Inoculation of the seed was:
(a) with NS Nitragin
(b) without NS Nitragin.

Researches were conducted with the aim to investigate the effect of nitrogen fertilization and NS
Nitragin on the plant height of soybean. Just before sowing, according to the anticipated fertilization
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plan, the CAN fertilizer was applied and the seed was inoculated by microbiological biofertilizer - NS
Nitragin. After 120 days growing under these conditions, the plants were analysed in terms of
morphological characteristic of soybean, plant height of soybean. The results are processed by
mathematic-statistical method of analysis of variance and evaluation of the difference by LSD test.

Soil properties
Soybean can be grown on a wide variety of well drained soils, but thrives best on a clay and loam soil
type. Soybean prefers a slightly acid soil (pH 6.0-6.5). However, it grows quite well on calcined clay
soils (pH 7.5) if the free lime level is not too high. Soybean is rated as a moderately salt-tolerant crop
and the reported threshold of salinity threshold is about 5 dS m™ (Qiu and Chang, 2010).

The experiment with soybean was carried out on a pseudogley soil, in Bréko (¢ N 44°52', A
E 18°49', 98 m. s. |.), Bosnia and Hercegovina, Pic. 1. and 2. Soil at a depth of 30 cm was low in
humus (2.88%), very acidic (pH in H,O 4.30), low in carbonat soil (0.60 %, CaCO3) and at medium
level for A-K,O (15.00 mg/100 g soil) and P,Os (24.50 mg/100 g soil), Popovi¢ et al., (2017).
Dissolubility and accessibility of microelements in the soil is mostly influenced by pH reaction of soil,
content of organic matter, mechanical composition of the soil (quantity of clay fraction), content of
calcium carbonate and accessibility of phosphorus in the soil. Production value of pseudogley is small
and on such soil of low production value, soybean can be successfully grown only with application of
melioration measures along with adequate regime of fertilization which is compatible to the need of
soybean on pseudogley (Glamoclija et al., 2015).
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Picture 1. Locality in Bréko in Bosnia and Herzegovina Picture 2. Soybean

Meteorological data of the experimental area

Soybean is classified as the warm-season crop it is cultivation now extends from the tropic to 52°. The
major commercial production of soybean is between 25 ° N and 45° lantitude and altitudes of < 1000
m. Soybean is a temperature-sensitive crop and is usually grown in environments with temperatures
between 10 °C and 40 °C during the growing season (Qui and Chang, 2010).

Soybean achieves the best production in monsoon climate, warm and humid climate, with high
relative humidity (Popovi¢ at al., 2015a, 2015b). In our production conditions, at summer, occurrence
of drought is frequent (Tati¢ et al., 2016, Vidi¢ et al., 2016).
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