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Abstract: Soil samples taken from the Ap horizont of arable land and meadows
at ten different localities were analyzed for different forms of manganese,
including total (HF), pseudo-total (HNOs3), 0.1 M HCl-extractable and di-
ethylentriaminepentaacetic acid (DTPA)-extractable. A seguentia fractional
procedure was used for Mn portioning into fractions: water soluble and ex-
changeable Mn (1), specificaly adsorbed Mn with carbonates (I1), reductant
releasable Mn in oxides (I11), Mn bonded with organic matter (IV) and Mn
structurally bonded in silicates (residua fraction) (V). Serbian vertisols have a
normal Mn content, comparable with similar soils. The total (HF) and pseudo-
total (HNO3) Mn contents were not correlated with soil properties, whereas the
humus content positively influenced the 0.1 M HCl-extractable Mn in soil (r =
= 0.49). Soil pH and CaCO; (r = 0.57 and 0.43) showed significant negative
correlations with the DTPA-extractable Mn, respectively. The different extrac-
tion methods showed similar patterns of Mn content in arable and meadow
soils. The sequential fractional procedure showed that reductant releasable Mn
occluded in oxides of Fe and Mn was the prevailing Mn fraction in soil, how-
ever, water soluble and exchangeable Mn and Mn bonded with organic matter
had significant correlations with most of the examined soil characteristics.
Potential Mn toxicity in vertisols could be observed under lower pH and satu-
rated conditions.
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1178 MILIVOJEVIC etal.

INTRODUCTION

Being a multi-complex system, soil comprises mineral, organic, organic-mi-
neral, liquid and gaseous phases and it possesses certain physical, chemical and
biological properties. The original geologic substrate and subsequent geochemi-
cal and pedogenic impacts determine the total levels of micronutrients in soils.
The total levels are rarely indicative of plant availability, because availability
depends on soil pH, organic matter content, adsorptive surfaces, and other physi-
cal, chemical, and biological conditionsin the rhizosphere.l

The accumulation of heavy metals in soils represents a potential risk to hu-
man health due to the transfer of these elements to aguatic media, their uptake by
plants and their subsequent introduction into the food chain. Chemical fraction-
ation schemes for partitioning trace metals in soils and sediments have been used
extensively since the 1970s and are based on three to six fractions,>> many of
them being slightly modified Tessier's schemes.? Chemical extraction is em-
ployed to assess operationally defined metal fractions, which can be related to
chemical species, as well as to potentially mobile, bioavailable or ecotoxic pha-
ses of a sample. The sequential extraction procedure for environmental studies
provides an important tool for the determination of the different chemical forms
or ways of binding between trace metals and soil components.® It is generally
accepted that the ecological effects of metals (e.g., their bioavailability, ecotoxi-
cology and risk of groundwater contamination) are related to their mobile frac-
tions rather than to the total concentrations.” Sequential extraction was confirmed
as a convenient method for the investigation of heavy metals in agro—ecological
conditions.®

Manganese (Mn) is an essential micronutrient for plant growth. Through its
involvement in various enzymes and other physiologically active molecules, this
micronutrient affects the gene expression, biosynthesis of proteins, nucleic acids,
growth substances, chlorophyll and secondary metabolites, metabolism of carbo-
hydrates and lipids, stress tolerance,® etc. of plants. Mn oxides are not only an
important solid phase component of soil micronutrients, but also play an impor-
tant role in the redistribution of micronutrients in soils. Changes in the redox sta-
tus and consequent transformation of mineral forms of Mn act as an important
driving force for the redistribution of trace elements and other heavy metals in
soils.1° Patrick and Jugsujinda,™! and Han and Banin'2 found significant transfor-
mations and redistribution of heavy metals among the solid-phase componentsin
soils due to the redistribution of Mn during incubation under a saturated regime.
High values of Mn are usually attributed to the presence of Mn-oxides concentra-
tions due to locally reduced conditions.2® Therefore, proper land use, i.e., cropped
soil, permanent crops or meadows, can strongly influence the soil moisture re-
gime.
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DISTRIBUTION AND FORMS OF MANGANESE IN VERTISOLS OF SERBIA 1179

The aim of this study was to assess the distribution and forms of manganese
occurring in vertisol soils under the environmental conditions of Serbia using dif-
ferent extraction methods and a sequential extraction procedure.

EXPERIMENTAL

Samples of the Ap horizon of vertisol soil were taken from the following ten locationsin
Serbia: 1) Milutovac, 2) Pridtina, 3) Trnava, 4) Rekovac, 5) Vranje (Neradovac), 6) Zajecar, 7)
Bela Crkva, 8) Blace, 9) SalasS and 10) Kragujevac (Fig. 1). Sub-samples were taken from
field and meadow ecosystems, from a depth of 0 to 20 cm, after which they were air-dried and
crushed in a porcelain mortar to particles of 2 mm in size. A stainless steel screen was used in
the preparation for characterization and Mn-fraction analyses.

7. Bela Crkva

& Fed B o salas
;
B

Fig. 1. Geographical location of
the investigated soil samples in
the Republic of Serbia.

Deter mination of the soil characteristics

Soil pH was determined in a suspension with water and 1 M KCI mixture, with the ratio
of soil:solution 1:2.5 after a 30-min equilibration period; the organic content was determined
using the humus method of Kotzmann,# the available P,Os and K,O contents were deter-
mined by the AL method of Egner—Riehm.1> Cation exchange capacity (CEC) was determined
using the method with 1 M NH4OAc, pH 7, and the particle size distribution was determined
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1180 MILIVOJEVIC etal.

by a pipette method.16-17 The total manganese was determined by atomic adsorption spectro-
photometry (AAS, Carl Zeis Jena, model AAS 1N). The cold extraction method was used for
the determination of the total and pseudo-total manganese where 0.5+0.001 g of sample was
transferred into a centrifuge tube, and then 10 cm3 of 0.5 M HCI were added. The solution
was shaken and centrifuged for a short time and then placed on a shaking-table and agitated
for 1 h. After agitation, the solutions were centrifuged at 3000 rpm (1,900x%g) for 15 min, and
then filtered through a 0.45-pum syringe filter to remove particul ates.

Sequential fractional procedures

Manganese (Mn) in different soil fractions was extracted using the procedure proposed
by Tessier et al.2 The methods used for the fractionation procedure are outlined below.

1. Water soluble and exchangeable Mn was determined by extraction with 0.1 M CaCl,
(pH 7.0); 10 g of soil were agitated in plastic pots with 100 cm? of solution for 20 min and
then filtered.

2. Specifically adsorbed Mn and Mn bonded with carbonates were determined utilizing
extraction with 1 M NaOAc (pH 5.0). Again, 10 g of soil were added to 100 cm?® of solution,
and agitated for 5 h a room temperature and then filtered. In this case, the sum of 1. and 2.
was calculated and the value of fraction 2 was obtained by subtraction.

3. Reductant releasable Mn occluded in Fe and Mn oxides was determined in the 2.5 mg
of soil placed in a centrifuge tube. After extraction of fractions 1. and 2., 50 cm® of 0.04 M
hydroxylamine hydrochloride were added (in 25 % HOAc, pH 3). The tubes were then kept in
a water bath for 6 h at 85 °C under stirring. Subsequently, the total volume of 50 cm3 was
attained by adding distilled water, and the tubes were closed, agitated for 10 min, and centri-
fuged for 10 min at 3000 rpm. The clear supernatant was removed from the reagent bottles
and the remains of the soil were rinsed with 20 cm? of distilled water.

4. Mn bonded with organic matter was determined in the following way: 7.5 cm? of 0.02
M HNOj3 and 12.5 ml of H,O, pH 2.0 were added to the centrifuge tubes with the soil remain-
ing from the previous three extractions. The tubes were kept in a water bath at 86 °C for 2 h
and then stirred. After cooling, 7.5 cm3 of 30 % H,0, were added and again the suspension
was kept at 86 °C for 3 h. After cooling, 12.5 cm? of 3.2 M NH4OAc in 20 % HNO; were
added. The final volume was set by adding distilled water and then the tubes were closed.
They were then shaken for 30 min and centrifuged for 10 min at 3000 rpm. The resulting clear
supernatant was transferred to reagent bottles.

5. Mn structurally bonded in silicates (residual fraction) was determined by calculating
the difference between the total content determined with HNOz—-HF-HCIO,4 and the sum of
thefirst four fractions.

The total Mn content was determined by destructing the samples with a mixture of the
acids HNO3, HCIO,4 and HF. Through this procedure, all the forms of Mn present in the soil
were transferred into solution. The pseudo-total content of the Mn was obtained by application
of concentrated HNO5 and H,0,.18-20

The distribution of manganese in various chemical fractions (1.—4.) was determined by
flame atomic absorption spectrometry (AAS).

Satistical analysis
The results obtained for the different contents of manganese (total, accessible and dif-

ferent chemical fractions) in the vertisol samples were statistically processed by the Student’s
t-test and Pearson correlation coefficients.2!
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RESULTS AND DISCUSSION

Basic soil characteristics of the investigated vertisols are given in Table I.
The vertisols showed marked heterogeneity in terms of pH. Most of the studied
soil samples were acid to dightly akaline. In terms of the content of readily
available phosphorus, the selected samples belonged to the class of soils with a
low P availability, but the observed levels of P>Og varied widely among the
samples: from 0.6-28.0 mg 100 g1 soil in the samples from cultivated fields to
0.8-17.8 mg 100 g1 soil in the samples from meadows. The investigated soils
showed a moderate to high content of available K2O. The selected sampling sites
also differed in the humus concentration with an average range from 3.3 % (field)
to 3.5 % (meadow) and with a high capacity for cation adsorption, ranging from
15.5to 34.7 meq per 100 g soil.

TABLE |. Examined physical-chemical characteristics of vertisol in Serbia (mean, standard
deviation and range)

Field Meadow

Soil characteristic Mean Range Standard Mean Range Standard

9 deviation 9 deviation
pH (H,0) 7.1 5.88.1 0.9 6.9 5.6-8.1 0.9
pH (KCI) 6.0 4.6-6.9 0.9 5.8 47-7.0 0.9
Humus content, % 33 254.0 0.5 35 2.0-5.6 1.1
P,0s content, mg 100g™ 7.7 0.6-28.0 85 4.2 0.8-17.8 5.0
KO content, mg 100g™ 344 19.0596 118 311 204535 104
CEC, m.e 100g™ 251 155315 5.6 238 16.9-34.7 6.6
Sand content, % 296 21.4-36.0 4.8 322 223505 9.0
Silt content, % 246 18.8-31.2 3.6 228 11.9-294 5.6
Clay content, % 458 335544 7.2 449 289643 111
Silt + clay content, % 704 64.0-78.6 4.8 67.7 495777 9.0

The mean value of the total Mn content in the field and meadow vertisols
amounted to 927 and 882 mg kg1, respectively (Table 11). However, the exa-
mined samples showed high heterogeneity regarding the total Mn content.

TABLE Il. Manganese content in the tested vertisols of Serbia determined using different
extraction methods (X+SD and interval, mg kg'1)

Location HF HNO; 01MHcl  0.005M dtpa
Field (n = 10) 927+311 850+306 117+17.1 52.5+21.7
650-1675 550-1600 89.0-154.0 21.0-90.0
Meadow (n = 10) 882+252 803+286.5 113+32 59.8+22.2
5601460 500-1490 49-178 28.0-106.0
t-Test (field and meadow) 0.40° 0.35° 0.05° 0.74°

*The Student t-test showed that there a statistical significance between the examined characteristic of the field
and meadow soil; bThe Student t-test showed that there was no statistical significance between the examined
characteristic of the field and meadow soil
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The average values of Mn extraction from the samples of arable land, when
mild extraction agents were used, were 117.0 mg kg1 in 0.1 M HCI and 52.5 mg
kgL in 0.005 M diethylentriaminepentaacetic acid (DTPA), indicating that the
soils were sufficiently provided with this element. The high values of available
Mn in the arable soil samples indicated a low strength of its binding with the
solid soil phase. The meadow soil samples were aso adequately supplied with
readily available Mn, athough the Mn concentrations found by 0.1 M HCI ex-
traction (113 mg kg1) were dightly lower and by DTPA extraction (59.8 mg kg2)
dightly higher compared with the corresponding values found for the arable ver-
tisols. Thus, a solution of 0.1 M HCI extracted twice the amount of Mn extracted
by a DTPA solution.

On average, about 91 % of the total content of Mn in vertisols from arable
land and meadows was extracted with HNO3 (pseudo-total content), i.e., 850 and
803 mg kg1, respectively (Table 111). Conversely, 0.1 M HCI extracted about
13.5 % of the total content of Mn in vertisol from the arable and the meadow
samples. The relative values of the individual Mn extractions with 0.1 M HCI so-
Iution, between the two land uses, varied over awide range (7.6-16.5 % from the
arable soil samples and 5.8-21.7 % from the meadow samples).

The average relative values of Mn extracted with DTPA were 5.6 (arable
soil) and 7.4 % (meadow). The individual values varied widely and were related
to the soil pH. The highest relative amount of DTPA-extractable Mn was ex-
tracted from the soil with the lowest pH value. The extraction with 0.1 M HCI
and DTPA 0.005 extracted much greater amounts of Mn (2-3 times more) from
the arable land samples 7 and 10.

These results are in agreement with a number of previous observations.22
Han and Banin23 reported that Mn in arid-zone soils was mainly in the easily re-
ducible oxide-bound fraction and it redistributed into the carbonate-bound and
soluble plus exchangeable fractions after a year of water saturation. The EDTA-
extractable Mn in savanna soils ranges from 13 to 54 mg kg2 soil, which is far
greater than the 1.0 mg kg1 considered critical for most soils, suggesting that
savanna soils have adequate reserves of available Mn.24

Generaly, the contents of total and readily available Mn in the analyzed
vertisols were not dependent on the properties of the investigated soils. However,
this finding was not confirmed for Indian vertisols, where the total Mn was nega-
tively correlated with coarse clay and silt but positively correlated with fine clay.
Contrary to this, the DTPA-available form of Mn was negatively correlated with
pH (r = =0.55 and —-0.57) and the CaCO3 content (—0.43). Similar results for
DTPA-Mn were presented by Vermaet al.25 and for Indian vertisols.26 From this
association, it can be inferred that the addition of organic matter increases the
availability of Mn and, as the soil become coarser, Mn deficiency becomes a pro-
blem.27 Manganese extracted with 0.1 M KCI is positively correlated with the
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humus content (r = 0.49). Bloom?8 reported that Mn2* formed outer-sphere com-
plexes (non-specific sorption) with the carboxyl groups of the soil organic matter
(SOM); this mechanism explains the weak association of Mn with the soil orga-
nic matter. The Mn content in soil showed no relation with the soil texture of the
investtigated vertisols. Some studies aso found that Mn movement is inde-
pendent of clays, as shown by the weak correlation between Mn and the clay dis-
tribution in soils.29.30

TABLE I11. The relative content of manganese in different extraction agents (in % of HF-total)

. Extraction method
Locality
HF HNO; 0.1 M HCI 0.005 m dtpa
Field
Milutovac 720 819 14.4 3.8
Prigtina 1675 955 7.6 5.0
Trnava 778 99.6 14.0 4.6
Rekovac 780 83.3 13.7 51
Vranje 740 94.6 16.5 3.9
Zajecar 760 97.4 155 7.0
BelaCrkva 650 84.6 13.7 7.1
Blace 1020 97.0 11.8 5.4
Saas 950 96.3 12.5 6.8
Kragujevac 1200 829 12.8 75
X 927 91.3 13.3 5.6
Meadow

Milutovac 813 87.9 14.4 7.4
Prigtina 1460 102.0 9.0 4.1
Trnava 1041 86.9 115 6.4
Rekovac 764 85.7 15.8 6.8
Vranje 800 93.8 13.6 5.6
Zajecar 620 80.6 15.3 7.4
BelaCrkva 560 88.4 21.2 15.2
Blace 995 97.0 9.5 49
Saas 900 99.4 5.8 33
Kragujevac 820 86.6 21.7 129
X 877.3 90.8 13.8 7.4

Sequential extraction analysis

Considering that the tested vertisols from Serbia were established at loca-
tions with manganese deficiency in the parent material, sequential extraction
enabled the determination the form of its presence in the soil, alowing a clear
understanding of its potential mobility and accessibility to plants. The Mn dis-
tribution among the various chemical fractions of the examined vertisols showed
that Mn was predominantly located in the fraction of oxides of Fe and Mn(ll1).
Its presence in this fraction was 56.4 % of its total content in the meadow ver-
tisols and 54.2 % in the arable soils. Similar Mn values in the fraction of metals
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associated with Fe and Mn oxides were found by other authors. Sims et al.31
found that the reduced fraction contained approximately 45 % of the total content
of Mn, and Maria Isabel et al.32 found 33.1 % in oxide-bound phase according to
a modified Tessier procedure and 48.9 % according to Community Bureau of
Reference Protocol for Spanish Soils. The high content of extractable Mn in this
fraction was derived from the fixed Mn and Mn coupled with oxides (MnO and
MnOy).2 The individual samples from the fields and meadows showed a marked
heterogeneity in terms of the Mn content in this fraction, which could be
explained by the fact that the content of Mn in this fraction occurs in samples
with larger Mn contents.

The fraction of specifically adsorbed Mn and Mn bound to carbonates (I1)
was the second largest Mn pool. In the arable soil samples, this fraction ac-
counted for 13.7 % of the total Mn content, while in the meadow vertisols, the
value was 15.45 %. The higher relative content of Mn in the meadow samples
might indicate that the Mn in the arable soils could have a stronger association to
the solid phase of the soil, despite its higher content. This finding was confirmed
by the fact that the relative content of Mn in the arable soils was significantly
lower in the exchangeable fraction of adsorbed metal (fraction I), which leads to
weak associations with the soluble part of the total Mn, which is directly acces
sible to plants. In addition, the extracted amount of Mn and its relative preva
lence in this fraction, in individual samples, varied over a wide range, which
were significantly higher in samples of the arable soils (9.7-28.4 %) compared
with the meadow soil. It was also found that the largest amounts of Mn were
extracted from samples with the highest total content. Contrary to the above, the
samples with the highest total contents of Mn had lower values of relative Mn
abundance, indicating that the increase in the total Mn content reduces its per-
centage in the fractions of specifically adsorbed Mn and Mn bonded to carbo-
nates. Based on those findings, it could be assumed that the potential availability
of Mn is determined by specific soil properties and less by itstotal content.

In the arable vertisols, the relative content of Mn in the organic (1V) fraction
averaged 13.2 %, while in the meadow vertisols, the average was 12.8 %. Similar
differences were observed for the Mn content in the third fraction. These diffe-
rences probably derived from the chemical and mineralogical properties of the
individual soil samples and, similarly, the lowest soil pH values led to the least
amount of organically bound Mn. Another observation was that the samples with
the highest relative content of organically bound Mn were the highest in K20, the
texture clay fraction and the CEC. This could be explained by the fact that the
complexes of organic matter with Mn can be easily adsorbed to the clay particles
of soil, which affects the content of organically bound Mn. The positive relation-
ship between the organic bound Mn and the available potassium is probably due
to their appearance in the same forms of bonds, since the investigated vertisols
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DISTRIBUTION AND FORMS OF MANGANESE IN VERTISOLS OF SERBIA 1185

had sufficient clay contents, which explains the considerable amount of potas-
sium in the soil.

The fraction of exchangeable adsorbed metal (fraction |) was relatively high
in Mn (3.7 % of the total content of Mn) in the arable land samples (35.9 mg kg—1)
and 5.6 % of the total Mn content in the meadow samples (42.3 mg kg1). This
fraction is dependent on soil pH, content of K50, clay (CEC), silt and CaCOs,
respectively.

The t-test found no significant differences between the respective chemical
fractions for both uses of the vertisols, indicating the same geochemical origin of
the soils at the examined locations and no effects of cropping technology on the
distribution of Mn among the different fractions.

Positive correlation coefficients for the Mn content were found between
fractions| and I1, Il and 1V, I11 and the total content and IV and the total content,
whereas negative correlations were observed between fractions | and 1V, 1l and
IV and the total content (Table IV). The negative correlation between the content
of Mninfractions| and IV indicates that the increase of Mn in the organic matter
(fraction 1V) was aresult of the high complexation of Mn and its decrease in the
soluble fractions. The results also showed that al of the stable fractions (11, I11
and IV) were correlated with the total Mn, but not with the residua fraction. Me-
dium to high correlations (r = —0.51 and 0.96) were observed between total Mn
and Mn in fractions [1-1V. The coefficients indicate that the individual forms of
Mn were in a state of dynamic equilibrium.

TABLE 1V. Correlation coefficient between the manganese content in different chemical frac-
tionsin the soil from fields and meadows

Fraction | I I v Vv Mn content total (HF)
| 1.00

] 0.52% 1.00

1l NS NS 1.00

v -0.61° NS 0.57° 1.00

V NS -0.51° NS NS 1.00

Mn content total NS —0.46 0.96° 0.53% NS 1.00

aStatistically significant at the probability level of 0.05; Pthere is no statistical significance, Cstatistically
significant at the probability level of 0.01

The correlation coefficients between the Mn content in different chemical
fractions and selected soil properties are presented in Table V. The analysis
showed that the content of Mn in fraction | decreased significantly (—0.49 and
—0.90) as the soil pH and the contents of clay (CEC), K20 and CaCOs3 increased.
Conversely, plots with high values of silt had an increased Mn content in fraction
I (r =0.52).

The high negative correlation coefficients between the content of Mn in the
first fraction and soil properties, such as pH, clay content (CEC) and K20, in-

Available online at www.shd.org.rs/JSCS/

2011 Copyright (CC) SCS
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dicated that these soil properties had a dominant influence on the distribution of
Mn in this fraction. When the pH value of the sail is high, Mn is less soluble due
to the oxidation process that occurs in an alkaline reaction and the transition of
Mn oxides into the more inaccessible forms. As the clay content and pH in-
fluence the CEC to a large extent, the increase of CEC strengthens the bond be-
tween cations (Mn) and the solid phase of soil, which reduces the mobility and
solubility of Mn in this fraction.

TABLE V. Correlation coefficient between the manganese content in different chemical frac-
tions and some soil characteristics

il ch erisi Fraction
Il charactenstic | T i IV vV Mn content total

pH (H,0) -090° NS NS 0.71% NS NS
pH (NKCl) -0.90° NS NS 0.70° NS NS
Humus content NS NS NS NS —0.46° NS
P,0Os NS NS NS NS NS NS
K,0 -0.60° NS NS 0.57° NS NS
CEC —-0.64° NS NS 0.76° NS NS
Sand NS NS NS -0.61° NS NS
Silt 0.52° NS NS —-0.61° NS NS
Clay -0.49° NS NS 0.79° NS NS
Silt + clay NS NS NS 0.61° NS NS

Statistically significant at the probability level of 0.01; Pthere is no statistical significance; “statistically
significant at the probability level of 0.05

The positive correlation between the Mn content in fraction | and silt is
caused by weaker bond strengths between the silt and Mn, since silt particles are
coarse and positioned at the junction between sand and clay. It could be assumed
that the solubility of Mn (fraction I) is higher in soil with a coarser texture than
clay soil with a similar total content of Mn. Specifically adsorbed Mn and Mn
bound to carbonates (fraction I1) and Mn bound to oxides (fraction |) were not
significantly correlated with any of the studied soil properties (Table V).

The amounts of Mn extracted from the organic fraction (IV) had signifi-
cantly high positive correlations with soil pH, clay (CEC) and K>O (from 0.57 to
0.79), and negative correlations with coarse soil particles (silt and sand). The
high and positive correlation of Mn in the organic fraction and clay showed that
most of the Mn was associated with clay organic matter. Therefore increasing the
content of fine particles (clay with organic matter) results in increases in the free
surface, and therefore the CEC, as well as bond strength compared to the coarser
particles (silt and sand).

The positive correlation (r = 0.70 and 0.71) between soil pH and Mn content
in the organic fraction indicates that the pH had a positive effect on the Mn con-
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DISTRIBUTION AND FORMS OF MANGANESE IN VERTISOLS OF SERBIA 1187

tent in the organic fraction. These results are similar to the results of other au-
thors.25.33-35

Based on the correlation coefficients shown in Table VI, it was found that
the applied extraction techniques extracted significantly higher amounts of dis-
solved Mn compared with the amounts that plants could adopt. With 0.005 M
DTPA and 0.1 M HCI addition, besides the water-soluble + exchangeable amounts
of Mn, specifically adsorbed forms also dissolve. HF and HNO3 dissolve metals
that are bound with much stronger bonds (fraction 11-V). These metals are not
accessible to plants and, therefore, this method cannot be used as an indicator of
Mn accessibility to plants. The availability of micronutrients to crops is control-
led by many soil factors, such as pH, soil organic matter, temperature and mois-
ture.36-37 Increased microbial activity can also result in a decrease in the oxi-
dation—reduction potential of the soil, increasing Mn availability; consequently,
manganese (I1) forms only relatively weak bounds with organic ligands.3® Ac-
cording to Fageriaet al., the main ionic Mn speciesin a soil solution is Mn2*, and
its concentrations decrease 100-fold per unit increase in soil pH.3” Thisisin agre-
ement with the results obtained in other studies on Brazilian soils.37:3°

TABLE VI. The correlation coefficients between the content of manganese in different chemi-
cal fractions of soil and its contents obtained by using different extraction procedures

. Fraction
Extraction procedure I T i v v
HF NS 0.512° 0.959° 0.534° NS
HNO; NS 0.443° 0.966° 0.572° NS
0.1 M HCl 0.516" 0.703° NS NS NS
0.005 M DTPA 0.786° 0.882° NS NS NS

*There is no statistical significance; bstatistica]ly significant at the probability level of 0.05; Cstatistically
significant at the probability level of 0.01

CONCLUSIONS

The contents of Mn (total and pseudo-total) were found to be similar in the
samples of field and meadow vertisols and to have similar levels as the average
values determined in other studies. The extraction of Mn with NHO3 produced
values similar to the real total content (about 90 %). The availability of Mn
(DTPA-Mn) depends on the pH value and CaCOs3 content, since negative corre-
lations were observed. Reductant releasable Mn occluded in the oxides of Fe and
Mn was found to be the most abundant fraction of Mn according to sequential
extraction procedures, however, the Mn bonded with organic matter had signify-
cant correlations with most of the examined soil properties. Mn availability in
soil could be controlled by appropriate water regime and management practices
that modify the pH value of soil.

Available online at www.shd.org.rs/JSCS/

2011 Copyright (CC) SCS




1188 MILIVOJEVIC etal.

Acknowledgment. This research was supported by a grant from the Ministry of Education
and Science of the Republic of Serbia (Project Nos. TR 31054, TR 31073 and Ol 172016)

U3BOJ
JUCTPUBYLIMIA 1 ®OPME MAHI'AHA ¥V BEPTUCOJIMMA CPBUJE

JEJIEHA . MUJTUBOJEBUR', UBULIA T. BAJIOBUR?, MUOJIPAT XK. JEJUE®, CPERKO P. TPUOGYHOBUR,
JAPMHKA M. BOFIIAHOBI/ITIS, JIPATMIIA C. MI/IHOHIEBS, BFPAHMCIIAB 1. HEHEJ'I;KOBI/I"B6
n IPATAHA 'b. BIEJITR?

Henimap 3a ciipna weuitia, Case Kosauesuha 31, 34000 Kpazyjesau, *Mnciiuitiyii 3a paiiapciiiso u fospiiapciiieo,
Makcuna Iopkoz 30, 2100, Hosu Cao, 3H0/boﬁpu6pebuu pakyaitieii, Ynusepauitein y Kocoscxoj Muitiposuyu,
Jeaene Anncyjcxe 66, 38228 3y6un ook, *Unciiuimy @ 3a xemujy, Ipupodno—maiiemaiiiuuicu daiyaiieid,
Yuusepauitieiri y Kpazyjesuy, Padoja lomanosuha 12, 34000 Kpazyjesau, * Iomoiipuspedni daxyitiei,
Yuusepsuitieiri y Hosom Cady, Hocuitieja O6padosuha 8, 21 000 Hosu Cad u’®abpuxa ayiiionobuaa
Kpazyjesau, Tpz Totioausaua 4, 34 000 Kpazyjesay

VY mmby onpehuBama paznmmuuTX OOJIMKAa MaHraHa y BepTHcoiMMa ca mojapydja Cpouje
(opaHuue u nMBaje) MOPEKIOM Ca JEeCeT PA3IMYUTUX JOKAIUTETa aHAIM3UPAH je YKYIIaH CaapiKaj
manrana (HF), nceymo-ykynan caapxaj (HNOg), 0,1 M HCI pacreopssus u DTPA pactBopsbHB
manraH. CeKBeHIMjaTHOM eKCTPaKIIKjOM M3BPIICHO je pa3Bajambe (pakiuja MaHraHa Ha pacTBOp-
JbHB Y BOJM ¥ pa3MeHsbuB MaHraH (1), cnenuduyno agcopbosaH ca kapbonatuma (1), okiaynosan y
okcuauma (I11), manran Besan 3a oprancky marepujy (IV) m MaHraH CTPyKTYypHO BE3aH y CHIIM-
katuma (pesuayanuu neo) (V). Caapxaj MaHraHa y aHaJTM3HPAHOM 3eMJBUIITY (BepTHCOI) mopeheH
je ca moOujeHrM pe3ysTaTiMa Ha CIIMYHHM 3eMJBMINTUMA. YKynaH caapxaj manrana (HF) u ncey-
no-ykymnan caapxaj (HNOs3) Hucy Ouin y KOpenanuji ca MCIUTHBAHUM CBOjCTBUMA 3EMJBHUINTA,
JOK je caapkaj xymyca nosutuBHO ytuiao #a 0,1 M HCl pacrBopseus manran (r = 0,49).
3emubrmian PH 1 CaCOs (r = 0,57 u 0,43) cy nokasany BUCOKO 3Ha4ajHy HEraTHBHY KOpEJalujy ca
DTPA pacTBOp/bHBUM MaHIaHOM. Pazinuurta eKCTPaKIMOHA CPElCTBA Cy HCIOJbHIIA CiiMYaH ede-
KaT Ha cajapxaj Mn'y o6pauBoM 3eMJBHIITY U JMBagaMa. CEeKBEHIIMOHA EKCTPAKIIMOHA aHAIN3a je
MoKa3ajia Ja MaHraH OKJIyIOBaH Yy OKCHANMA YMHH MPOLIEHTYaTHO HajBehy Qpakiujy y 3eMIBHIITY,
HCTOBPEMEHO MOCTOj€ CTATUCTHYKHU 3Ha4YajHe Kopenanuje u3melhy MaHraHa pacTBOPJbHBOT Y BOJIH U
MaHraHa BE3aHOT 3a OPraHCcKy MaTepujy U BehnHe cBojcTaBa 3eMJbUINTa. [IOTEHIHMjad €KOTOKCH-
YHOCTH MaHI'aHa Ce MOXE HCIOJBUTH CaMo Y CliydajaBiMa HHUCKe PH BPEAHOCTH 3eMJBHIITA H I10-
jaBe 3acuharba 3eMJBHIITA Ca BOJIOM.

(TTpumsbero 29. nenem6Gpa 2010, pesuaupano 12. anpuna 2011)
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