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type were investigated in the soils of the Republic of Serbia. The database included a total
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INTRODUCTION

Soil is a natural resource with accumulated large organic carbon stocks
(Lal, 2004; Manojlovi¢, 2008). Appropriate land use aimed at increasing the
level of organic carbon can increase the productivity and sustainability of
agricultural ecosystems (Cole et al., 1997). Also, appropriate land use has a
role in alleviating greenhouse gas effects, given that the soil is capable of either
releasing or absorbing carbon. The total content of organic matter in the soil
is higher in the conservation tillage as compared to plowing in winter wheat
and sunflower production (Seremesié et al., 2016). Statistical analysis has shown
that there is a significant effect of the tlllage system and the crop on the change
of the total content of organic matter. Increasing organic matter in the soils is
an important strategy of biological immobilization of carbon (Manojlovi¢ and
Acin, 2007; Manojlovic¢ et al., 2008). To ensure sustainable land use, the or-
ganic matter in the soils must be kept at a satisfactory level. The content of
organic matter in specific layers of the soil is a basis for the calculation of
organic matter up to a meter depth (Gobin et al., 2011; Vidojevi¢ and Manojlovic,
2010). In this manner, organic carbon stocks can be assessed against the soil
type and its specific use. Identifying parameters influencing the reduction of
organic carbon stocks in the soil, as well as interconnectedness of these
parameters lays the foundation for mapping the areas at risk of organic matter
reduction. Organic carbon stocks in the soils of the Republic of Serbia have
not been assessed consistently. The results of the assessment done so far have
shown that a universal approach that would apply to a large area is not possible
and that more detailed analyses will require more precise and reliable data at
both regional and national levels.

MATERIAL AND METHODS
Soil database

In the period 2009-2011, a database was established which served as the
basis for further research. Its objective was to collate all available data and to
adapt them to fit the base. Presently, the database includes a total of 1,140 soil
profiles which involve 4,335 horizons. The database comprises the data for
analytical study collected in the period 1962—-2010. The soil map of Serbia shows
that the reference groups Histosol, Anthrosol, Calcisol, Podzol, Phacozem, and
Umbrisol are distributed over a limited area in the country, totaling 3.58%.
The most extensive groups are Cambisols (27.99%), Chernozems (17.68%) and
Leptosols (15.9%) (Vidojevi¢ et al., 2015).

To establish the relationship between organic carbon content and land use
and soil type, a soil map of Serbia was adapted to the WRB classification and
divided into 15,437 polygons (map units). The assessment was based on long-term
research data and data from the Soil Information System of Environmental
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Protection Agency (Vidojevi¢ and Manojlovi¢, 2010). The assessment of organic
carbon stocks in the soils of the Republic of Serbia was carried out in the period
20092013 and it was made in soil layers 0—30 cm and 0—100 cm and based on
soil type and land use category.

Calculation of organic carbon stocks per land use categories

Using the Corine Land Cover (CLC) database for 2006, the areas of the
major categories of land use were defined. Based on the obtained mean values
of organic carbon content in soil layers 0-30 and 0—100 cm and the areas
indicated by Corine Land Cover categories of land use, the organic carbon
stocks in agricultural land, forest land, semi-natural areas, and artificial areas
were calculated. The last category includes mostly the urban green areas and
recreational areas. The database does not contain organic carbon data for other
categories of land use.

Organic carbon stock for the soil layer 0—30 cm per land use category was
calculated according to the following formula:

SOC 30 cm (t) = X {(X) mean value of organic carbon content per category of land
use for the soil layer 0-30 cm (t ha™') x area occupied by land use category (ha)}

Organic carbon stock for the soil layer 0-100 cm was calculated accord-
ing to the following formula:

SOC 100 cm (t) = X {(X) mean value of organic carbon content per category of land
use for the soil layer 0—100 cm (t ha™) x area occupied by land use category (ha)}

Statistics

Statistical data analysis was used to identify and establish the correlation
between the organic carbon stocks from the most represented soil reference
group and the land use category.

The correlation of the organic carbon stocks and the different land use
categories (agricultural land and forest land), soil reference group, and soil depth
was studied for reference groups that occupy the major part of central Serbia,
such as Cambisol (taking up 37.76% of the territory) and Leptosol (22.22% of
the territory), and have a sufficient number of sites that were required for this
type of analysis. The Cambisol reference group included 90 sites in agricultural
land and 64 sites in forest land. The Leptosol reference group included 35 sites
in agricultural land and 71 sites in forest land.

The analysis of soil organic carbon stocks was performed with a package
IBM SPSS statistics 20. Indicators of descriptive statistics were obtained to
identify a general trend in the variability of organic carbon stocks in different
extreme conditions. The analysis of the variance during a three-factor experiment
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showed the importance of land use impacts, reference soil group, and soil depth
for the organic carbon content — for 5% and 1% risk levels. Relative interdepend-
ence of characteristics was measured with the Pearson correlation coefficient,
tested at the 5% and 1% level of significance.

RESULTS

Organic carbon stocks broken down by different land use categories were
identified by examining the soils at 1,140 sites for assessment of soil organic
carbon stocks in t/ha. The analysis of the share of land use category at inves-
tigated sites has shown that 6.5% of sites are classified as artificial areas for
assessment of soil organic carbon stocks in t/ha, 50.6 % of sites are classified as
agricultural land, and 42.9% of sites are classified as forests and semi-natural
areas. Distribution of soil organic carbon was shown in relation to land use
category as defined by the Corine Land Cover categories. In the Republic of
Serbia, artificial areas, agricultural land, forests, and semi-natural areas, and
wetlands and water surfaces cover 257,070 ha, 4,395,186 ha, 2,967,453 ha, and
127,691 ha, respectively. The respective percentages are 3.32%, 56.73%, 38.30%,
and 1.65%.

The analysis of organic carbon content in agrlcultural land showed that
in layer 0-30 cm the values rang%ed from 3.72 t ha! to 328.23 t ha! (Table 1).
The mean value was 68. 99 t ha™. In layer 0—100 cm the Values ranged from
18.25 t ha! to 658.40 t ha!, with the mean value of 136.57 t ha. The analysis of
variation coefficients indicated that the mean values for this land use category
were not sufficiently representative (CV > 50%) (Vidojevi€ et al., 2015).

The analysis of organic carbon content in the category of forests and seml—
natural areas showed that in the layer 030 cm the values ranged from 4.93 t ha™!
to 527.22 tha. The mean value was 116 35 tha™. In layer 0-100 cm, the Values
ranged from 10.06 t ha™! to 646.98 t ha!, with the mean value of 154.19 t ha'.
The analysis of variation coefficients indicated that the mean values for this
land use category were not sufficiently representative (CV > 50%).

The analysis of organic carbon content in the category of artificial areas
showed that in layer 0-30 cm the values ranged from 30.71 tha™ to 133.51 tha™.
The mean Value was 74.74 t ha™. In the layer 0-100 cm, the Values ranged from
45.68 t ha' to 342.66 t ha', with the mean value of 161.43 t ha. The analysis
of variation coefficients indicated that these mean values were representative
(CV < 50%) for this land use category.

Based on the areas of the different land use categories, the values of or-
ganic carbon stocks for these categories were obtained. The results showed
that the organic carbon stocks in the category of agricultural land were 303.22
x 10" g (Tg) and 600.25 x 10" g (Tg) for the soil layers 0-30 cm and 0~100 cm,
respectively. In the category of forests and semi-natural areas, the organic
carbon stocks were 345.26 x 10'? g (Tg) and 457.55 x 10" g (Tg) for the layers
0-30 cm and 0—100 cm, respectively. In the category of artificial areas, which
mainly included sites within urban green areas and recreational areas, the
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organic carbon stocks were 19.21 x 10'* g (Tg) and 41.50 x 10'* g (Tg) for the
soil layers 0—30 cm and 0—100 cm, respectively. The category of wetlands was
not investigated in this study.

Table 1. Soil organic carbon (SOC) content and SOC stocks by CLC categories in the
Republic of Serbia

0-30cm 0-100 cm
SOC content SOC content
(tha™) (tha™)
= SOC = SOC
< = » < = o

Area Area I S A stock & .= S A stock

(ha) (%) n = = = @ (Tg = = = @« (Tg

No) I ~ o AN 0 o N ~ n o o %o
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areas e QN = S < g A b

n: Number of soil profiles in the database. SD: Standard deviation

The obtained data indicated that there existed a great variability in the
content of organic carbon among the reference soil groups. The largest SOC
stocks for the soil layers 0-30 cm were found in Cambisol 194.76 x 10'* g and
Leptosol 186.43 x 10" g and for the soil layers 0—100 cm in Cambisol 274.87
x 10'? g and Chernozem 230.43 x 10'* g,

Multi-regression and correlation analysis

Table 2 shows the results of descriptive statistics of the content of organic
carbon in the soil as related to different land use categories and WRB groups,
measured up to 30 cm and 100 cm depth. The lowest variability of the content of
soil organic carbon, measured in two layers of the soil, was found in Cambisol
in agricultural land (28.75% and 39.30% respectively), while Leptosol in agri-
cultural land showed most variability (64.24% and 86.67% respectively). With
increasing depth of agricultural land, the dispersion of the organic carbon
stocks increases as well. When it comes to forest land, for both groups the
variability of organic carbon content is almost regular. Generally speaking, the
variability of soil organic carbon stocks is outstanding (Cv>30%), which means
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that the concentration of the observed element is impacted to a great extent by
external factors.

Table 2. Descriptive statistics of the content of soil organic carbon for the soil layers 0-30
cm and 0—100 cm as related to different WRB groups and land use categories (t/ha)

X+ Sy Xmax—Xmin Cv (%)
Land use category WRB group n
0-30 cm
Cambisol 90 63.49 +1.94 134.68-20.44 28.75

Agricultural land
Leptosol 35 117.26 + 12.73 328.23-18.25 64.24

Cambisol 64 124.99 £ 9.18 347.62—40.50 58.27

Leptosol 71 184.75 £ 12.75 471.70-32.48 58.05
0-100 cm

Cambisol 90 102.72 +4.26 250.72-25.74 39.30

Leptosol 35 162.10 £ 23.74 658.40-18.25 86.67

Cambisol 64 154.73 £ 10.05 398.43-59.96 51.55

Leptosol 71 21743 + 16.41 646.98—32.48 63.60

Forestland

Agricultural land

Forestland

n: Number of soil profiles

What is also worth noting is that organic carbon stocks for the Leptosol
reference group are larger in comparison to the Cambisol reference group; the
same applies to forest land when compared with agricultural land. Measured
differences in the content of organic carbon stocks for different reference soil
groups and land use categories for the soil layers 0—30 cm and 0—100 cm have
been statistically tested (Table 3). The co-occurring influence of the three
factors (reference soil group, land use category, and depth of soil layers) on the
variability of organic carbon stocks has been examined. The variance analysis
test has shown that individual factors have a very significant statistical impact
on the change of organic carbon concentrations in the soil (p<0.01), while their
interaction (on both levels) is not statistically significant (p>0.05).

Table 3. The analysis of variance (ANOVA) of tested factors and their influence on the
variability of soil organic carbon

Land use Reference
Test soil group Depth (C) AxB AxC BxC AxBxC
A (B)
F 52.212%%  51.907*%*  20.063**  0.081%  0.438  0.069N°  0.007™
p-level 0.000 0.000 0.000 0.776 0.508 0.794 0.935
Partial
eta-squared  0.093 0.092 0.038 0.0001 0.0009  0.0001 0.0000
coef.

NS >0,05 **<0,01
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Apart from statistical importance, based on partial eta-squared coeffi-
cients, the effects of each factor were measured. The measurement has shown
that land use category (agricultural or forest), as well as reference soil group
(Cambisol and Leptosol) have nearly identical effects on the variability of
organic carbon stocks: the land use category influences variability by 9.3%,
and the reference group by 9.2%. The measured depth of soil layers modifies
the values of SOC by 3.8%.

DISCUSSION

The map of organic carbon distribution depending on land use category
showed that organic carbon stocks were higher in forests and semi-natural
areas than in agricultural land, up to 40.71% and 11.43% for the soil layers 0-30
cm and 0—100 cm, respectively (Vidojevi¢, 2016). Organic carbon content was
found to be higher in artificial areas than in agricultural land, forestland, and
semi-natural areas. The reasons for this are manifold, but the most probable
explanation is that the samples for this category were taken from urban green
areas and recreational areas which are intensively fertilized and the removal
of organic carbon is reduced. This study showed that there occurred a great
variability in results when categories of land use were analyzed. Only the sites
belonging to the category of artificial areas, at 0-30 cm, produced sufficiently
representative values of the mean content of organic carbon. It appears that
organic carbon content depends more on other factors, such as soil type, cli-
matic conditions, and altitude than on land use category.

The distribution of organic carbon stocks in the soil layer 0-30 cm has
shown higher values in central Serbia, with larger areas of forested land in
comparison to the Province of Vojvodina in the north of the country consisting
of mostly agricultural fields (Vidojevic¢ et al., 2017). The distribution of stocks
in the soil layer 0—100 cm has shown larger carbon content in the Province of
Vojvodina in comparison to central Serbia. These are mostly the reference
groups of Chernozem and Gleysol, occupying 76.03% of the area of the Prov-
ince of Vojvodina, which has larger organic carbon stocks in comparison to
the most prevalent referent group in central Serbia — Cambisol (Vidojevi¢ et
al., 2016).

Analysis of the organic carbon content in the surface layer (0-20 cm) in
the most prevalent soils of forest ecosystems in central Serbia: eutric Ranker,
eutric Cambisol, and dystric Cambisol has shown that the mean value of organic
carbon for all the tested soils amounts to 5.77 kg m 2 (Kadovi¢ et al., 2012).

The research done by Freibauer et al. (2004) has pointed out that average
organic carbon stocks in European arable land are at the level of mean organic
carbon stocks in European mineral soils (around 53 t/h) at a 0-30 cm depth when
different soil types are taken into consideration. Consequently, it is likely that
European soils vary to a great deal across climate regions and soil types.

Based on a research study of organic carbon stocks in agricultural land
of Europe conducted using a CENTURY model (Lugato et al., 2014), a value
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of 17.63 Gt for a 0-30 cm layer was obtained. The model included the EU and
non-EU countries (Serbia, Bosnia and Herzegovina, Croatia, Albania, Macedo-
nia, and Norway). The results obtained by the model were tested against the
European Environment and Observation Network (EIONET) results, as well
as against approximately 20,000 soil samples from LUCAS 2009 study.

The organic carbon stocks in agricultural land were identified and meas-
ured based on the surface of agricultural land in the Republic of Serbia. The
value shown in Gt is 0.35 Gt of organic carbon stocks at a 0-30 cm depth in
arable land of the Republic of Serbia, or else 1.98% of total content for the
agricultural soils of Europe tested with the CENTURY model (Vidojevi¢ et
al., 2014).

CONCLUSION

The spatial distribution of organic carbon stocks and its variability in the
Republic of Serbia is caused by various factors.

The co-occurring influence of reference soil group, land use category,
and depth of soil layer on the variability of organic carbon stocks has been
examined. The variance analysis test has shown that individual factors have a
very significant statistical impact on the change of organic carbon concentra-
tions in the soil, while their interaction (on both levels) is not statistically
significant.

The research has shown a high variability of results for different categories
of land use. The measurements have shown that land use category (agricultural
or forest), as well as reference soil group Cambisol and Leptosol have nearly
identical effects on the variability of organic carbon stocks.

The obtained results have shown that an inventory of the land cover pro-
vides essential information in a world that is quickly becoming aware of the
environmental limitations and lack of natural resources. The compilation of data
on organic carbon stocks and its distribution in the different soil reference groups
and land use categories is the first step in the evaluation and monitoring of
changes of organic carbon stocks in the soils of the Republic of Serbia.
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KOPEJIAIIMJA U3MEDBY OPTAHCKOI" YIJbBEHHKA V 3EMJbU,
KOPUIIREWBA 3EMJBUILTA N BPCTE OBPAIMBOI" 3EMJbUIITA
Y CPBJN

Hparana /1. BHI&OJEBHBI Maja C. MAHOJJIOBU'R?,
Anexcaunap P. POPBEBUR’, Jbumana M. HEILIU'R?, Tuxomup M. ITIPEJTUR?

' MUHHCTApCTBO 3aIITHTE KMBOTHE CPEJIMHE,
AreHnuja 3a 3alITUTY )KUBOTHE CPEIHHE,
Pyxce JoBanosuh 27a, beorpan 11160, Pery6nuka Cpouja
2 VHUBeEpP3UTET y HOBOM Cany, [TossonpuBpenan paxynrer,
JlemapTMmaH 3a paTapcTBO U MOBPTapCTBO,

Tpr Hocuteja O6pamosuha 8, Hosu Cax 21000, Perry6nuka Cp6uja
YuausepsurteT y beorpany, [lossonpuspenuu gaxynrer,
Karenpa 3a neqonorujy u reosiorujy
HEMaH)I/IHa 6, 3emyn—beorpan 11080, Penydnuka Cpouja
*Tlos/bonpUBpEIHY HHCTHTYT Peny6n1/11<e Cprcke,
3aBoj1 32 arpoeKoJIoTHjy,

Kmaza Munoma 17, Bama Jlyka 78000, Penyonuka Cpricka

PE3UME: V pany cy npeacTaBibeHH Pe3yJITaTH UCTPAXKUBAKbA KOj€ je MMalIo 3a
LUJb YyTBphUBamke 3aBUCHOCTH CaApiKaja OPraHCKOT YTIJbEHUKA Y 3eMJBUIITY, HAYMHA
kopuirhema 3eMipHIITa U pedepeHTHE Tpye 3eMmsbuiITa y Penyonunu Cpouju. baza
nojiaTaka je ykJpyuuia ykynHo 1.140 npoduna 3emspumiTa. 3a norpede yTBphuBama
3aBUCHOCTHU caJipXkaja OPraHCKOT yIJbeHHKa M THUIA 3eMJbUIITA MEA0JIOMIKA KapTa
Cpo6uje npunarohena je WRB kimacuduxanuju u cagpxu 15.437 nonurona. Ypahena
je KaJKyJaluja 3a cBaky peepeHTHY I'pyIly 3eMJbULITA HAa OCHOBY PEe3YJITaTa CPEAbUX
BPEIIHOCTHU CajiprkKaja OPraHCKOr yribeHHuKa y ciojy 3emJspuinta 0-30 cm u 0-100 cm
3a TIaBHE pedepeHTHE TPyTe U IHXOBHUX ITOBPIIHHA. Ha 0CHOBY cpenbe BpeqHOCTH
caJipXaja OpPraHCKOT YIJbeHHUKA Y 3¢MJBUINTY H MOBPIIMHE pedepeHTHE IpyTe yTBphe-
HO je na HajBehy pesepBy OpraHCKOT yIibeHHKA y 3eMJBHINTY y ciiojy 0-30 cm mma
kambucos 194,76 x 1012 g u nenrocon 186,43 x 1012 g, u y cnojy 0—100 cm nyOune
kamOucon 274,87 x 1012 g u yepnozem 230,43 x 1012 g. Ha ocHOBY pe3ynTara Cpeamux
BPEJHOCTH Ca/pKaja OPraHCKOr yribeHuka y ciojy 0-30 cm u 0-100 cm nyGune u
nospuinHe kojy 3aysuma Corine Land Cover kareropuja HaunHa Kopuiuhema
3eMJBUIITA, U3payyHaTa je YKyIHa BPEIHOCT PE3epBU OPraHCKOI yIJbCHUKA 3a
M0JHONIPUBPEAHA 3eMJBULITA, IIIyMe U ITOJIYTPUPOAHA MOAPYYja U BeIITauKe MOBPILHU-
He. CTaTUCTHYKA 3aBUCHOCT CaJipiKaja OPraHCKOT YIJbeHHUKA Y 3eMJBULITY Ol HAYMHA
kopumhema 3eMJbHIITA, peepeHTHE I'PyTie 3eMJBHIITA U yOuHe cioja, paleHa je 3a
pedepenTHe rpyme Koje 3ay3uMajy HajBehy moBplmuHy nocMarpajyhu teputopujy
nentpaiae Cpouje u To 3a peepeHTHY TpyITy KaMOucod (koja 3ay3uma 37,76% teputo-
puje), 3aTuM JenTtocol (koja 3ay3uma 22,22% TepuTopHje) U J0BOJLHOT Opoja JIOKaJIU-
TeTa KOju Cy OMIU MOTPEOHHM 3a aHAIIN3Y.

KJbYUYHE PEYMU: pe3epBe opraHCKOr YIibeHUKA y 3eMJBUIITY, KOpHIIhewke 3¢-
MJBHUIITA, 3aBUCHOCT, pepepeHTHA TpyTIa
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DEPTH DISTRIBUTION OF ORGANIC MATTER
CONCENTRATION AND STOCKS IN SOILS
OF VOJVODINA

ABSTRACT: Despite the fact that soil organic matter (SOM) concentration is much
lower compared to mineral portion, its importance is very valuable for soil fertility, agriculture,
ecosystems and global environmental change. Soil organic carbon (SOC) is a key component
of SOM. The amount of SOC varies greatly in surface layer of soil, but the vertical distribu-
tion of SOC is also very important. The purpose of the study was to investigate vertical
distribution of SOC in soil profiles of the most common soil types in Vojvodina (Arenosols,
Chernozems, Fluvisols, Vertisols, Solonetz) and in different land uses (arable land, meadow
and forest). Soil samples were collected from 0-30, 30—60 and 60—100 cm depth. Dichromate
wet oxidation method proposed by Tyurin’s was performed to determine SOC concentration.
Except arenosols, obtained results showed the decrease of SOC concentration with depth in
all observed soil types and land uses. Vertisols had the highest SOC concentration in both
surface (0—30 cm) and subsurface (30—60 cm) layers compared to the other soil types, while
arenosols had the highest SOC concentration in the deepest layer (60—100 cm). Higher con-
centrations of SOC in surface layers were measured in forests and meadows in relation to
arable land, while in the lower layers these differences were not detected. Differences in SOC
concentration in observed soil types and land uses were more pronounced in surface than in
deeper layers. Soil organic carbon concentrations in deeper layers were substantially different
only between soil types.

KEYWORDS: soil organic matter, soil type, land use

INTRODUCTION

Soil organic matter (SOM) is considered as a highly valuable natural
resource (Lal, 2004) that consists of both living and non-living matter which
is created biologically and located in soil. The biggest part of the OM consists
of non-living part, which is formed of dead organisms, soil flora and fauna,
plant roots, decomposed or non-decomposed plant and animal residues and

* Corresponding author. E-mail: vladimir.ciric@polj.uns.ac.rs
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OM — humus. Organic matter of soil is associated with mineral portion in
greater or lesser extent. Human induced land use changes can greatly influence
OM concentration.

In recent years, soil organic carbon (SOC) as main constituent of SOM
occupies great place in soil science due to its significant impact on soil fertility,
global carbon cycle, sustainability and stability of biosphere. Soil organic carbon
loss is defined as one of the eight major threats to the soil in the EU Thematic
Strategy for Soil Protection (Blum, 2008). Soil organic carbon is important
intrinsic property of a particular soil type, which is formed and stabilized dur-
ing the process of pedogenesis. Despite the fact that SOC concentration is much
lower compared to mineral portion of soil, it is even more important for soil
fertility, microbial, water-air and chemical properties of soil and therefore plant
yield.

Understanding the effects of native vegetation conversion on different
soils is essential for predicting and modelling future SOC concentration and
sequestration potential. In the Serbian province of Vojvodina, main conversions
of natural vegetation to arable land occurred about 200 years ago. Since then,
Vojvodinian soils have lost most of their original SOC stocks. Considerable
share of SOC variability depends on soil type (Robert, 2001) and thus all SOC
estimation should be made on the basis of soil type. Despite the fact that SOM
is a dynamic formation, at some point during pedogenesis its content stabilizes
and forms an intrinsic characteristic of a particular soil type (Manojlovic et al.,
2010).

The aim of this study was to determine the quantitative characteristics
and depth distribution of SOC in the most common soil types in Vojvodina
(Arenosols, Chernozems, Fluvisols, Vertisols and Solonetz) which are exposed
to different land uses (forest, meadow, arable land).

MATERIALS AND METHODS

Field research was conducted in the Province of Vojvodina, Serbia, on
five soil types (Arenosols, Chernozems, Fluvisols, Vertisols and Solonetz).
Each soil type was examined at three locations and under three different land
uses (arable land, meadow and forest) at every location (Figure 1, 2, 3 and 4).
Soil samples were collected from 0—30, 30—60 and 60—-100 cm depth, with
three replicates approximately 10 m apart each other. For the determination of
bulk density (BD), soil samples in a natural-undisturbed state were taken using
Kopecky cylinders (V = 100 cm®) in nine replicates. Dichromate wet oxidation
method proposed by Tyurin (1934) was performed to determine SOC concen-
tration. Soil organic carbon stock (t ha™) was calculated as follows

SOCstock = BD x SOC x D

where BD is soil bulk density (g cm™), SOC is the soil organic carbon concentration (%),
D is the depth of the soil layer.
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Figure 2. Different soil types included in the study
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Figure 4. Soil profiles from the study (Arenosols 1-3; Fluvisols 4—6; Chernozems 7-9,
Vertisols 10—12; Solonetz 13—15)
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RESULTS
SOC concentration

The examined soil types contained different concentrations of SOC in the
0-30 cm layer: Vertisols (28.02 g kg™") > Chernozems (18.74 g kg™") > Solonetz
(17.55 g kg > Fluvisols (15.38 g kg'!) > Arenosols (11.50 g kg™) (Figure 5).
Observed land uses also differed in SOC concentration in the layer of 0-30 cm:
forests (19.57 g kg™") > meadows (19.18 g kg™') > arable land (15.95 g kg™).

Obtained results showed the decrease of SOC concentration with depth in
all observed soil types and land uses except arenosols. Vertisols had the highest
SOC concentration in both surface (0—30 cm) and subsurface (30—60 cm)
layers compared to the other soil types, while arenosols had the highest SOC
concentrations in the deepest layer (60—100 cm). Higher concentration of SOC
in surface layer was measured in forests and meadows in relation to arable
land, while in the lower layers these differences were not detected.

SOC stocks

Vertical distribution of SOC stocks showed decline with increasing soil
depth for all soil types except arenosols, (Figure 6). Looking at the 0-30 cm
layer, SOC stocks decline depending on the type of soil in the following order:
Vertisols (99 t ha™'), Chernozems (79 t ha™"), Solonetz (71 t ha™"), Fluvisols
(58 t ha!), and Arenosols (47 t ha™).

Vertisols have the highest SOC stocks, compare to Chernozems and So-
lonetz. Arenosols are characterized with the lowest SOC stocks, while Fluvisols
have larger reserves than Arenosols and smaller than Chernozem and Solonetz.
In the 30—60 cm layer, Chernozems and Vertisols are characterized by the highest
SOC content, with the statement that Vertisols have a significantly higher SOC
stock than Chernozem, while the other soil types do not differ from each
other and have lower stocks. In the 60—100 cm layer, Arenosols have higher
SOC stocks compared to Chernozems, Vertisols and Solonetz, while fluvisols
have the lowest stocks in this layer.

The total SOC stock 0—100 cm in different soil types showed the same
order as in the layer 0-30 cm except that fluvisols had the lowest stocks: Vertisols
(190 t ha™), Chernozems (150 t ha™), Solonetz (133 t ha™"), Arenosols (118 t ha™"),
Fluvisols (111 t ha™"). The topsoil (0-30 cm) accounts 40% of the SOC stock
0—-100 cm depth in Arenosols, 52% in Chernozems, Fluvisols and Vertisols
and 54% in Solonetz.

All analyzed land uses showed decline in SOC stocks with increasing soil
depth. However, there were no differences in SOC stocks in topsoil and subsurface
layers under different land uses. The differences in total SOC stock 0—100 cm
between land uses were also not significant: forests (142 t ha™), meadows (141 t
ha''), and arable land (137 t ha™). The topsoil SOC stock (0-30 cm) comprises 49%
of SOC stock in 0—100 cm layer of arable land, 50% in forests and 53% in meadows.
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Figure 5. Vertical distribution of the SOC concentration (g kg!) in different soil types
and land uses in 0-30, 30—60 and 60—100 cm layers

(The values marked with different lower case letters are significantly different within the
soil type at the same depth (p <0.05). The values marked with different capital letters are
significantly different within the land uses of the same depth (p < 0.05).)
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(The values marked with different lower case letters are significantly different within the
soil type at the same depth (p < 0.05). The values marked with different capital letters are
significantly different within the land uses of the same depth (p < 0.05).)

Considering only the results of SOC stocks (without SOC concentration) can
lead to wrong conclusion regarding the SOC stock loss on arable land compared
to meadow and forest soils due to different values of bulk density in different
land uses that are included in the calculation of SOC stocks. As a more reliable
indicator of SOC loss, the SOC concentration has appeared. While differ-
ences between soil types in terms of SOC stocks and SOC concentration were
minimal, in different land uses differences in SOC concentrations were signifi-
cant, while there were no differences in SOC stocks. A significantly higher
SOC concentration was found in forests (19.6 g kg') and meadows (19.2 g kg™)
than in arable land (15.9 g kg'), which represents a 19% reduction in relation
to forest and 17% in relation to meadow land.

DISCUSSION

The various pedogenetic processes that dominate in particular soil types
have a significant impact on ecosystem functioning and also on SOC stocks. Good
assessment of SOC stocks and its vertical distribution in different systematic
units of soil are needed for comparing SOC stocks and rates of attachment
across horizons and depths (Civeira et al., 2012). The SOC content within the
profile mainly varies depending on pedogenetic processes. Clay content and soil
depth largely affect SOC stocks (Breulmann, 2011). Due to the still limited
knowledge of specific features of soil types, global SOC stocks are difficult to
assess (Sombroek et al., 1993; Batjes, 1996). Establishing a database as a basis
for assessing the carbon content of the surface layer is critical in determining
whether farmland is a source or reservoir for SOC (Freibauer et al., 2004). Most
of SOC are stored in the surface layer, where they are likely to transform rapidly
(Breulmann, 2011). Organic carbon from subsurface horizons is less exposed
to oxidation and is important for the conservation of SOC land reserves.

According to the SOC stock in the 0-30 cm layer, soil types showed the
following arrangement: rite blacks (99 t ha')> Chernozems (79 t ha™')> Solonetz
(71 tha™)> Fluvisols (58 t ha™)> Arenosols (47 t ha™), as well as in the 0-100 cm
layer: Vertisols (190 t ha™')> Chernozems ngO t ha)> Solonets (133 t ha™)>
Arenosols ( 118 t ha')> Fluvisols (111 t ha™"). This order highlights soils with
humic-accumulative horizon in front of the initial lands.

The largest stocks of SOC in the 0-30 cm layer found in Vertisols are due
to the accumulation of larger amounts of hydromorphic humus, which is formed
under the influence of seasonal moisture, leading to reduced SOM oxidation and
accelerate its accumulation in these soils. The second reason is to emphasize the
vertic properties of these soils and increased clay content, which influences the
stabilization and association of SOM with clay. In addition, the accumulation
of humus in these soils may be increased by the deposition of silty particles by
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occasional flooding. Also SOC stock in the 0-100 cm layer, which is the largest
in Vertisols, is the result of a powerful, deep humus horizon. The Vertisols contain
hydromorphlc humus and a humus horizon of 50—70 cm thickness (Ciri¢, 1984).

Following Vertisols, large SOC stocks are determined in Chernozems,
both in the 0-30 cm layer (which accounts 52% of the SOC stock up to a depth
of 100 cm) and in the 0—100 cm layer. Chernozems as steppe black soils do not
have the potential to accumulate SOC to the same extent as Vertisols due to the
terrestrial pedogenesis. Rather good quality of humus caused by grassland-
steppe vegetation and good structure, loamy mechanical composition with
moderate clay and CaCOs; content, which stabilize OM, as well as steppe pedo
fauna and absence of eluvial-iluvial migration, significantly influence accumu-
lation of SOC in Chernozems. High content of high quality OM in Chernozems
has been described by many local (Zivkovi¢ et al., 1972; Ciri¢, 1984; Skorié, 1986;
Miljkovi¢, 1996) and foreign authors (Kononova 1975 Mikhailova et al., 2000;
Altermann et al., 2005). The Chernozems of Central and Eastern Europe contam
76-97 tha SOC in the 0-30 cm layer (Batjes, 2002). The average reserves in the
Vojvodinian Chernozems on the loess terrace are 65 t ha' in the arable layer
(0-30 cm) and range from 58—76 t ha™ (Ciri¢, 2008). In the 0—40 cm layer of
Chernozems under the influence of different tillage systems SOC stocks ranged
from 90.0-96.9 t ha™' (Manojlovi¢ et al., 2008). Chernozems under different
tillage systems contain average stocks of 60.2 t ha' at a depth of 0-30 cm
(Seremes1c etal., 2011). Chernozems in VOJvodlna contain average reserves of
72 tha™ SOC in the 0-30 cm layer and 165 t ha™! in the 0-100 cm layer (Beli¢
et al., 2013).

The specificity of Solonetz is reflected in a much higher amount of SOC
in the surface layers than in the deeper ones (54%), which is a consequence of
the most common grass vegetation on these lands, which leads to the accumu-
lation of humus in a surface horizon of small thickness. Furthermore, SOM is
unstable, which was also found in these studies, all because of the conditions of
the alkaline reaction leading to an increase in the solublhty of the humus and its
eluviations. Vojvodinian Solonetz contains 55-89 t ha™' of SOC (Beli¢ et al.,
2004).

The low degree of SOC accumulation in Fluvisols in the 0-30 cm layer
and especially in the 0—100 cm layer, is due to the pedogenesis and character
of the alluvial deposits on which this soil is formed. Recent alluvial deposition
is formed in the event of occasional floods that precipitate suspended particles,
so that the pedogenetic processes of humus accumulation and the formation of
a stable organic-mineral complex are constantly interrupted and prevent the
formation of a powerful humic-accumulative horizon and stabilization of SOC.
To a large extent, SOC stocks also depend on the deposition properties, number
of layers, fossil layers, mechanical and chemical composition.

Arenosols showed the lowest SOC stocks in the 0-30 cm layer that accounts
for 40% of the SOC stocks up to 100 cm deep, but in 0—100 cm layer Arenosols
have higher SOC stocks compared to Fluvisols, due to the larger stocks in the
deeper layers resulting from the anthropogenisation. Arenosols are unable to
accumulate larger SOC reserves due to their coarse mechanical composition,
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eolian erosion, and xerophytic vegetation on them. Arenosols had lower SOC
stocks in earlier periods (Zivkovi¢ et al., 1972; Hadzi¢ et al., 1997; Beli¢ et al.,
1999), but at present they are anthropogenized, relatively bound sands and
peat-enriched.

The physicochemical characteristics inherent in each soil define the max-
imum degree of protection of the capacity of the SOC reserves, which limits its
increase, i.e. soil binding even with increasing intake of organic residues (Six
et al., 2002).

No differences in SOC stocks were found between different land uses in
the 0-30 cm layer: nor in the 0—100 layer cm. Such results are opposite with the
general view and expectations in this research that different uses differ in SOC
stocks, i.e. that stocks are less on arable land than forests and meadows. There
are significant differences in SOC between different types of vegetation, which
could be attributed to differences in root and debris distribution above and below
ground (Jobbagi and Jackson, 2000). Some studies report similar levels of SOC
stocks among different uses (Smith et al., 2001) and point out that average SOC
stocks in European arable land are at the level of average SOC stocks in mineral
soils in Europe (about 53 t C ha) at 0-30 cm depth when looking at different
soil types. Therefore, it can be concluded that European soils vary widely
among climate regions and land types (Freibauer et al., 2004).

However, the SOC socks calculation method includes SOC concentration
and also bulk density that are negatively correlated with the SOC concentration.
There are significant correlations between SOC, OM and volume mass (Péri¢
and Ouimet, 2008). This can lead to the wrong conclusions when assessing the
impact of land use on SOC stocks. It is known that after the converting natural
vegetation to arable land, there is an increase in the bulk density of arable land
and a decrease of SOC concentration due to the deterioration of structure and
compaction. Simultaneous reductions in SOC concentration and a significant
increase in bulk density lead to minimal differences in SOC stock results
between arable soil and soil under natural vegetation, which can often lead to
the conclusion that SOC changes were not affected by conversion. The estab-
lished values of the share of the surface layer (0—30 cm) in the total SOC stocks
of 0—100 cm are such that the surface layer accounts 49% of the SOC stocks
up to a depth of 100 cm in arable land, 50% in forests and 53% in meadows,
which agrees with the view that meadow vegetation with a shallow root system
accumulates the most OM in the surface layer, forest slightly less, and arable
land the least due to the decrease in SOC concentration caused by changes in
land use and migration processes.

CONCLUSIONS

Different soil types and land uses contain different SOC concentrations
in the 0-30 cm layer that are more pronounced than in deeper layers.

Different soil types contain different SOC stocks in the 0-30 cm layer
but there were no differences between land uses.
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Vertical distribution of SOC concentration and SOC stocks shows decreasing
trend with depth in all observed soil types and land uses except Arenosols.

For the detecting SOC changes in the environment it is better to use SOC
concentration than SOC stocks.
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BEPTUKAJIHA JTUCTPUBYIIMJA KOHLIEHTPAIIUJE U 3AJINXA
OPTAHCKE MATEPUJE V 3EMJBUIITUMA BOJBOJNHE

Bramumup 1. hUPU'Hh, Maja C. MAHOJJIOBUR,
Jbupana M. HEILIWRA, Munusoj B. BEJINh

VuausepsuteT y HoBom Cany, [lossonipuBpennu dakynrer,
Tpr docureja O6panosuha 8, Hopu Cax 21000, Cpouja

PE3MME: Ynpkoc 4nmeHUIN J1a je KOHIIeHTpaluja opraicke marepuje (OM) y
3eMJBUIITY 3HATHO HUXKA Y OIHOCY Ha MIUHEPAJIHU JIe0, IheH 3Ha4aj je BeOMa BajKkaH 3a
TIJIOHOCT 3€MJBHIITA, TOJbOIPUBPEY, EKOCHCTEM, Ka0 H TI00aJIHEe TPOMEHE JKHBOT-
He cpeamnHe. Oprancku yribeHUK y 3emsbumty (OC) je kipyuHa kommoHeHTa OM.
Konnunna OC Beoma Bapupa y HOBPLIMHCKOM CJI0jy 3eMJBHILTA, aJIH jé U BEpTUKATHA
nuctpubynuja OC Takohe Beoma BaxkHa. CBpxa HCTpakuBama Ouia je 1a ce UCIUTa
BeprukaiHa gucTpudynuja OC y nmpoduinnma Haj3aCcTYIIJbEHUJUX THIIOBA 36MJBHIIITA
Bojsoaune (apeHocoi, yepHo3eMm, (hi1yBUCOI, CMOHUIIA, COJIOHEIL) KOjH C€ KOPUCTE Ha
paznuuuTe HauuHe (00paguBO 3eMJBHIITE, TUBAA U IIyMa). Y30pLU Cy IPUKYIIJbEHH
ca nyoune 0-30, 30—60 u 60—100 cm. JluxpomaTHa METOa MOKpE OKCHIAIM]E 110
Tjypuny ypabena je y uusby yrphuBama koHueHTpanuje OC. Ocum apeHocona, 100u-
JEHH pe3yNITaTh MOKa3aH cy cMamemhe KoHneHTpanuje OC ¢ 1yOHHOM y CBHM ITocMa-
TpPaHUM THIIOBHMA 3€MJBHINTA, KA0 M Y CBHM ITOCMAaTPaHUM HauMHUMA KopHIIhema.
CwMmoHnute cy nmane Hajsehy konuerTpanujy OC y noprmackoM (0—30 cm) 1 normo-
BpmHCKOM (30—60 cm) ciojy y mopehemy ¢ ocTaluM THIOBUMA 3€MJBUIITA, JOK
apeHoconu nMajy Hajsehy konnenTpanujy OC y HajayosbeM ciojy (60—-100 cm). Behe
koHueHTpaurje OC y NOBPIIMHCKUM CJI0jeBUMA U3MEPEHE Cy y IyMaMma U JIMBaJama
y OIHOCY Ha 00paJInBO 3eMJBHUINTE, JOK Y HIXKHM CIIOjeBUMa OBE Pa3iInKe HUCY Ouiie
3HayajHe. Paznuke y konuenTpauuju OC y nocMaTpaHUM TUIIOBUMA 3€MJBHILTA U Ha-
YUHUMa Kopulthema Oulie cy u3pakeHuje y TOBPIIMHCKUM HET0 y yOJbUM CII0jeBH-
Mma. Konnenrpanuje OC y 1y0spuM ciiojeBUMa cy Ouiie OUTHO pa3iinduTe camo uzmely
TUIIOBA 3€MJBHILTA.

KJbYUHE PEYMU: oprancka Matepuja 3eMJbUIITA, TUI 3€MJbHILITA, HAUUH KO-
pumhema
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SOIL ORGANIC CARBON FRACTIONS IN DIFFERENT
LAND USE SYSTEMS OF CHERNOZEM SOIL

ABSTRACT: The relationship between soil carbon fractions in Chernozem soils was
assessed in soil samples of three different environments: arable soil, grassland and oak for-
est. Grassland and oak forest had higher soil organic carbon (SOC), carbon soluble in hot
water (HWC), particulate organic carbon (POC) and mineral-associated carbon (MOC) than
the arable soil. The POC/MOC ratio was lowest in arable soil, indicating a smaller carbon
pool for microbial turnover. POC increases with higher total SOC, indicating that the pres-
ervation of organic matter depends on the renewal of labile fractions. Our results showed
that fertilization had active role in soil carbon stabilization, while crop rotation had less
effect on a soil carbon turnover. Our result could contribute to the better understanding of
SOC fractions composition and relevance in Chernozem soil, thus could help in selection of
cropping management systems for SOC preservation.

KEYWORDS: land use systems, soil organic carbon, mineral-associated carbon,
particulate organic carbon

INTRODUCTION

Different qualitative fractions of SOC derived from the formation path-
ways could be evaluated to better understand carbon cycling of the specific
cropping systems. Soil organic carbon fractions are identified according to their
role in the carbon turnover and relationship with the microbiological and soil
properties (Cookson et al., 2005). In recent decades, increased number of physical
and chemical fractionation approaches has been proposed for separation and
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the identification of the different labile and stable fractions as proxies for the
SOC pool and their role in soil quality (Baldock and Nelson, 2000). Each of the
fractions contains specific information relevant to estimate effects of land use
on SOC pool turnover and stabilization. Changes in management practices in
the long-term experiment over time could induce problems in quantification of
SOC pool due to the large background amounts already present and the spatial
variation (Haynes, 2000). Therefore, a current perspective in SOC interpreta-
tion based on total carbon pool lacks clarity and precision in explaining the
relationship between SOC content and related soil properties. Moreover, soils
can vary in the potential for organic matter mineralization (Najvirt et al., 2019).
The turnover of the labile SOC fraction is relatively rapid and responds quickly
to the land use changes and soil management, and therefore it could be antici-
pated as the early and sensitive indicator of the total SOC change (Hynes and
Beare, 1996). Concentration and fluxes of the SOC fractions obtained with
fractionation approaches results with the similar conceptual SOC pool but with
the different perception on the factor causing their occurrence in soil. Decom-
position studies by Gregorich et al. (2003) provided evidence that the hot water
extractable carbon (HWC) fraction of soil C is highly labile and estimated that
the HWC accounted for about 70% of the total water-soluble matter. Ghani et al.
(2003) found that HWC reflected the changes in SOC caused by different soil
management practices compared with stabile SOC pool. Particular organic
carbon (POC) is considered as intermediary available SOC pool sensitive to
the management practice and the grown crops (Cambardella and Elliott, 1993).
Therefore, POC acts as a binding agent in soil, responsible in stabilization of
the macro-aggregates and intra-aggregate structure (Six et al., 2002). Bayer et
al. (2004) explained that organic matter in the POC is more sensitive to a
management practices than C obtained in the total SOC pool. Martinez-Mena
et al. (2012) emphasized the interaction between POC and mineral-associated
carbon (MOC) to better understand the role of labile C in SOC dynamic. Due to
pronounced decreasing trend in SOC, there is a need to explain how it reflects
changes in the content of SOC fractions and to what extent it can affect soil
productivity. The aim of this study was to determine the change in the SOC as
a consequence of an interrelation of the different SOC fractions with different
land use systems.

MATERIALS AND METHODS

The arable plots were selected from a long—term stationary experimental
rotation-crop field “Plodoredi” (Seremesi¢ et al., 2011) of the Institute of Field
and Vegetable Crops (N 45° 32° 517, W 19° 84’ 77” 84 m above sea) in Novi
Sad, Serbia and adjacent grassland and forest. The trial was set up on Calcic
Chernozem (Aric, Loamic, Pachic) (abbreviated CH-cc-ai.lo.ph) (IUSS Working
Group WRB, 2014) in 1946/1947, and the fertilized crop rotation systems were
redesigned in 1969/70, while the unfertilized systems remained unchanged.
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Experiment performance involved applications of organic and mineral fertiliz-
ers and plowing of the crop residue according to the following layout:
1. Maize monoculture (MO): mineral N — 120 kg/ha, P and K according to
soil analyses, established in 1969/70.
2. Unfertilized 2-year rotation (maize-winter wheat) (N2): established in 1946/47
without any fertilizers and with plowing the crop residue since 1987.
3. Fertlhzed 2-year rotation (maize-winter wheat) (D2): mineral N — 120 kg
ha!, P and K according to soil analyses, established in 1969/70.
4, Fertlhzed 3-year rotatlon (maize-soybean-winter wheat) (S3): mineral N
—120 kg ha'', 25 t ha™ farmyard manure after winter wheat. P and K accord-
ing to soil analyses established 1969/70.
5. Grassland (UG): 45° 20,549’, (E) 19° 51,492, at 81 m elevation
6. Oak forest (OF): 45° 20,591°, (E) 19° 51,374’, at 83 m elevation
Soil samples were taken at the beglnnlng of maize growing period (5™ of
May, 2012) and after maize harvest (5™ of October, 2012) with auger corer. The
average soil sample consisted of 5 drillings. The disturbed soil samples (approxi-
mately 1 kg) were transferred to carton boxes and stored as air-dry samples at
room temperature subsequent to analyses. The samples were ground in a mill
and sieved (2 mm diameter). Soil organic carbon in the soil samples was de-
termined with the Tyrin’s titrimetric wet combustion method using dichromate
(K,Cr,07) with external heating, followed by titration with ferrous ammonium
sulphate (Mohr's salt). In our study the 0-30 cm layer of soil was analyzed
divided into 3 sub-layers (0—10 cm, 10—20 cm and 20-30 cm). Hot-water ex-
tractable C (HWC) was determined by adapting the procedures of Ghani et al.
(2003). A previously published protocol (Cambardella and Elliott, 1993; Mar-
tinez-Mena et al., 2012) was used to obtain particulate organic matter (POC).
The data on the SOC, HWC, POC and MOC were statistically assessed using
the ANOVA on a significance level of o= 0.05, and the LSD test was used for
individual comparisons of the treatments’ means. The data were statistically
processed by using the program STATISTICA series 12.6.

RESULTS AND DISCUSSION

Comparison of different land use systems reveals that the highest content
of SOC was in the grassland and the lowest in the unfertilized 2-year rotation.
Significantly higher SOC content was obtained in samples taken in May (Table 1).
Lowest SOC values obtained in the arable soils could be related to mineralization,
which is faster on arable soils, whereas non-agricultural soil favors the accu-
mulation of OM (McLauchan et al., 2006). Molnar et al. (2003) presented
analyses from 1991 where 12.12 g kg " of SOC was found in N2, which suggests
that continuous SOC decline, as a lack of the external inputs, is not sufficient
to provide biomass for C stabilization. With the increasing soil depth, SOC
decrease was more pronounced in grassland and oak forest where C accumu-
lated in the top soil. The opposite distribution of SOC in the soil profile was
found at the S3 where manure was applied. Many studies confirmed that the
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amount of crop residues and farmyard manure are responsible for SOC content
change (Van Wesemael et al., 2010).

Table 1. Soil organic carbon content in different land use systems (g kg™)

Sam- Depth Land use (Lu) Average Average
pling (cm)

time  (De) MO N2 D2 s3 UG OF De St
0-10  15.34£0.1 11.10£0.1 14.30+0.0 15.94+0.1 30.34+0.43 28.37+0.3 19.23
May  10-20 14.48£0.2 11.06+0.0 14.01£0.1 17.38+0.2 25.75+0.53 19.88+0.1 17.04 17.09*
20-30 14.08+0.2 11.06+£0.0 13.83+0.0 17.79+0.2 21.33+£0.58 19.30+0.6 16.23
Average Lu/St 14.63 11.07 14.04 17.03 25.80 22.51
0-10 14.42+0.1 8.84+0.0 13.37+0.0 15.05+0.1 29.36+0.32 25.99+0.4 17.83
October 10-20 11.92+0.1 8.78+0.1 13.35+0.0 14.76£0.2 22.15£0.36 21.45£0.4 1540  15.92°
20-30 12.62+0.3 8.37+0.1 12.62+0.0 14.47£0.0 22.42+0.12 16.74+0.3 14.54
Average Lu/St 12.98 8.66 13.18 14.76 24.64 21.39
14.88 9.97 13.83 15.49 29.85 27.18 18.55°
Average Lu/De 13.20 9.92 13.68 16.07 23.95 20.66 16.27°
13.35 9.71 13.22 21.87 21.87 18.02 15.34°
Average Lu 13.80° 9.86" 13.57D 17.81€ 25.22° 21.95°
Lu — land use; De — Depth (cm); St — Sampling time; “B€ Data followed by the same capital

letter within a row do not differ significantly at the P < 0.05 level; **° Data followed by
the same capital letter within a collumn do not differ significantly at the P <0.05 level.

The average HWC content for different land use systems ranged from
180 mg kg to 1,454 mg kg™ (Table 2). With the increased depth the content
of HWC in all land use systems slightly decreased. Leinweber et al. (1995)
found 430650 mg kg”! HWC in Bad Lauchstidt, while Sparling et al. (1998)
determined HWC content which is comparative with our results. Chen et al.
(2009) reported mean values of HWC in Cambisol, at a depth of 0—15 cm was
375 mg kg, and at a depth of 15-30 cm it amounted to 243 mg kg™'. The highest
average content of HWC was found in samples taken from forest (860 mg kg™),
while the lowest content was measured in N2 (231 mg kg!). We assumed that
in the unfertilized maize rotation with lowest SOC small amount of labile
organic SOC is produced and simultaneously stabilized with clay and CaCO;
that prevent from further decline of SOC. Bouajila and Gallai (2008) also found
less HWC content in soils with a higher content of CaCOs;. Significant variability
was found among cropping systems and depth compared to sampling time.
Leinweber et al. (1995) reported larger amounts HWC measured at the end of the
growing season due to easily decomposable mucilage created by microorganisms
living in the rhizosphere. The increase of labile HWC fractions in maize mono-
culture compared with the arable land use systems is associated with more
efficient utilization of nutrients from fertilizers and transformation of plant
residues. Janzen et al. (1992) also found high content of labile SOC in continuous
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monoculture on Chernozem in Canada. Manure application has influenced the
HWC content compared to maize fertilized and unfertilized 2-year rotation and
by increased microbial activity. According to Simon (2008) single organic
manuring did not increase the HWC significantly as compared to the single
NPK variant but increased the HWC content significantly in comparison with
the control. These findings also support the fact that the manure application is
more efficient with addition of NPK fertilizers (Blair et al., 2006). The highest
distribution of HWC in total SOC was measured in the maize monoculture and
it is attributed to the long-term production of large amounts of crop residues and
presence of a large number of weeds (e.g. Sorghum halepense). Accordingly,
increase or decrease in total biomass of the specific cropping systems, could
contribute to soil carbon allocation through the soil profile.

Table 2. Hot water extractable carbon (HWC) in land use systems (mg kg™

Sampling D(fglt)h Land use (Lu) Average Average
ime e MO N2 D2 S3 UG OF  De St
0-10 528 289 406 497 1121 1454 716
May 1020 441 325 392 582 859 88l 580 598"
20-30 459 282 410 509 707 622 498
Average Lu/St 476" 299 402" 529"  895° 986"
0-10 1256 180 360 451 968 1181 733
October 1020 1160 192 530 447 645 641 602 599
20-30 992 115 424 371 489 383 462
Average Lu/St 1136*  162¢ 438 423 701° 735"
892 234 383 474 1045 1317 724
Average Lu/De 800 258 461 515 752 76l 591
725 199 417 440 598 503 481
Average Lu 806° 231 420 477  800°  860*

— land use; De — Depth (cm); St — Sampling time; *B¢%* Data followed by the same
letter within a row or a column do not differ significantly at the P < 0.05.

Mineral-associated organic carbon (MOC) is considered an organic mate-
rial difficult for microbial decomposition and represents the part of SOC which
is commonly related to particle dimension composition (Table 3). Due to this,
highest SOC in samples resulted with the highest MOC. Content of MOC 1is
more stable C fraction than POC and positively correlated with clay content
as clay minerals have a certain capacity to make complex with SOC (Mikutta
et al., 2006). Comparing the different land use systems, non-agricultural soil
samples were significantly higher in MOC content compared to arable land
use (Table 3). Accordingly, changes in SOC contents induced by the land use
are primarily caused by changes in the mineral associated SOC pool (John et al.,
2005). Samples taken in May had a lower content of MOC compared to soil
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samples from October. This increase derived from non agricultural samples
and can be attributed to soil organic matter chemical composition and straight
of connection with the clay (Leifeld and Kogel-Knabner, 2005). Content of
MOC had no clear pattern of change with the increasing soil depth. The dif-
ferences are related to soil bulk density and content of the total SOC and tillage.
The application of manure in S3 was significantly higher in MOC content than
in 2-year rotations but not higher than MO, indicating that C from manure was
mineralized and enriched POC fraction.

Table 3. Content of mineral-associated organic carbon (MOC) and particulate organic
carbon (POC) in the soil of different land use systems (g kg™)

C-frac- ;ﬁ?}lg' D(;I;t)h Land use systems (Lu) Ave- Ave.
tions . De MO N2 D2 S3 UG OF  rageDe rage St

0-10 1670£03 15.81+0.3 13.71x0.1 20.21+0.8 24.31+0.1 25.41£0.2 19.36
May 10-20 18.48+0.2 16.54+0.3 15.83+0.3 17.88+0.5 22.37+0.1 14.99+0.1 17.68 18.69%
20-30 19.00+0.3 16.67+0.2 14.47+0.2 21.62+0.4 20.87+0.7 21.56+0.5 19.03
St/De 18.06 1634 1467 1991 2251  20.65
0-10 23.3240.4 12.65£0.1 17.30£0.2 18.32+0.5 29.48+0.2 35.87+0.1 22.82
10-20 17.46+0.3 1545+0.2 1646+02 19.74+0.2 33.48+0.1 2691+0.3 21.58 2149
20-30 19.26+0.2 14.67+0.2 15.21£0.4 18.330.3 27.94+0.1 24.89+0.3 20.05
St/De 2001 1426 1632 18.80  30.30  29.22
MOC (Average) Lu  19.03"  15.30°  15.49°  19.35°  26.40°  24.93°
0-10 2.55£07 1.29+0.1 237+02 247+0.5 9.82+14 891+07 4.57
May 10-20 2.58+02 LI740.3 220403 3.37+0.6 5.8242.8 7.27+#2.5 374 377
20-30 3.16+0.6 1.17+0.2 195+03 3.3:07 593437 2.62+03 2.99
St/De 276 1.21 2.17 2.99 7.19 6.27
0-10 3.3940.8 121£0.2 240+0.8 3.3241.0 9.44+12 11.84+0.0 5.27
10-20 2.40+0.6 123+0.1 249+0.6 2.54+0.1 6.73+0.8 77611 3.86 3.93*
20-30 2.36£0.1 131%0.2 237+03 2.83£02 350401 3.51+03 2.65
St/De 272 1.25 2.42 2.89 2.90 6.56
POC (Average) Lu 274"  2.23° 229" 294  504°  6.41°

MOC

Octo-
ber

Octo-
ber

Lu — land use; De — Depth (cm); St — Sampling time; ~B“** Data followed by the same
letter within a row or a column do not differ significantly at the P < 0.05

The highest content of POC was found in the non—agricultural land use
systems, while the lowest contents were measured in N2 soil samples (Table
3). In our study statistical differences of the soil POC among two sampling
periods were not observed. Crop rotation had no effect on POC, however fer-
tilization significantly affected the content of POC. The plot where mineral N
was ommited had the lowest content of POC which indicates a positive role of
N addition to the formation of POC. The surface layer in grassland and oak
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forest were highest in POC due to the presence of fresh OM associated with
soil particles and slower decomposition. According to Seremesic¢ et al. (2013)
non-agricultural soils are composed of >30% macroaggregates compared to
the <5% macroaggregates in arable soils. Given that the content of POC is
related to the macroaggregates, we attributed highest POC content in forest and
grassland samples to the better structural properties and better conditions for
the soil aggregation. Likewise, the presence of hydrophobic substances in the
non-agricultural soils coats the aggregates and slows the entry of water into
solum and prevents their impairment (Blair et al., 2006). Changes in organic
C by land use occurred mainly in the fraction of POM, however differences
in MOC could be SOC background coupled with long-term soil tillage (De
Figueiredo et al., 2010). The non-agricultural soil showed highest ratio of POC
in SOC >20%, followed with the fertilized plots, and lower ratio was observed
at unfertilized plots (6.58—7.66%). Besides, POC concentration was lower in
arable soil compared with forest and grassland, reflecting the tillage activities
that resulted with fast decomposition of easily available organic matter (Sandén
etal., 2017).

CONCLUSION

The present study illustrates differences in SOC fractions concentration
of the investigated land use systems. The highest values of carbon soluble in
hot water were obtained on samples from non-agricultural soil and lowest level
was found in the unfertilized soil. Arable soils had lower POC/MOC ration than
grassland and forest indicating lower amount of labile carbon and potential for
significant loss of OM in arable soils. This demonstrated substantial inflow and
stabilization of the fresh OM in non-agricultural soils. Accordingly, management
practices have a significant role in carbon transformation and fertilization has
a significant role in maintenance and preservation of soil organic carbon.
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@OPAKIIMIE OPTAHCKOI" YIJBEHUKA Y PASJIMUUTUM
HAUMHHNMA KOPUIITREHBA 3EMJ/BUIITA HA YEPHO3EMY
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Bragumup U. RUPUR', JoBuua P. BACI/IH2 Wsumna I T)A.HOBI/Ile,
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! Vuusepsurer y Hopom Cany, [lossonpuBpennu hpakynrer,
Tpr J1. O6panosuha 8, Hosu Can 21000, Cpouja
2VIHCTUTYT 3a PaTapcTBO U TIOBPTAPCTBO,
Maxcuma I'opkor 30, Hosu Cazn 21000, Cpbuja

PE3UME: Onnoc usmely ¢hpakumja yribeHUKa y 3eMJBUIITY HCIIUTHBAH j& y
y30pIHMa 3eMJBUIITA MTOPEKJIOM ca Pa3IMYUTUX HaurHa Kopuinhema: 00panuBo 3e-
MJBUIITE, TPAaBHAaK U XpacToBa IIyMa. TpaBmak M XpacToBa IIyMa UMaju cy Behu
caapkaj opranckor yribeauka (SOC), yribeHnka pactBopspuBor y Tomioj Boau (HWC),
yecTu4HOT oprackor yribeanka (POC) y oqHocy Ha opanuity. Onnoc POC/MOC je 6uo
HajMarbu y 00pafiBOM 3EMJBHILTY, IITO YKa3yje HA Makby KOIMYHMHY JIAOUIIHOT yIJbe-
HHUKa yClle[ MHTeH3UBHUJHUX Ipoueca pasrpajme. Bpennoctn POC pacry ca Behum
ykynHuM SOC, WwTo yxasyje Aa 04yBarmbe OPraHcKe MaTepHje 3aBUCH 0/ O0HABIbabA
TaOMITHAX Q)paKuI/IJa Hawy pesynratu cy nokasanu 1a je hyOpeme umano sHaqajHy
YIIOTY y CTaOMIIN3AIHj1 YTIBEHUKA Y 3EMJBHIIITY, IOK j€ IIOJI0PE MMAa0 MAbH YTHIIA].
JoOujeHu pe3ynraTu MOTY JOIPUHETH 00JbeM pa3yMeBarby yJIore JIAOMITHE OpraHcKe
MaTepHje y UepHO3eMy, T¢ Ha Taj HAYMH MOMOhH y 01abupy cucTema parapema 3a
ynpasJbame U ouyBame SOC.

KJbYUHE PEYMU: cucremu kopunrhema 3eMJbUIITA, OPTaHCKH YIJBEHHK Y 3€-
MJBUIITY, YIJb€HUK BE3aH Y MHHEPAIUMa, YeCTHYHU OPTaHCKHU YTJbEHUK
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SOIL MICROBIAL PROPERTIES
UNDER DIFFERENT MANAGEMENT SYSTEMS
IN SOYBEAN PRODUCTION

ABSTRACT: The aim of the study was to examine the effects of management practice
on microbial properties of soil under soybean production. The study included 180 samples
of soil under certified organic soybean production and 80 samples in conventional production
system. An abundance of the examined microbial groups was assessed using the indirect
dilution method, followed by plating of soil suspension on different selective media, while
dehydrogenase and -glucosidase activity was measured spectrophotometrically. Our data
indicated that the management practice affected the structure and activity of microbial com-
munities. A significant positive effect of organic farming on Azotobacter spp., free N-fixers
and abundance of actinomycetes was identified. The influence of management system for
the total number of bacteria, ammonifiers and fungi was not observed. Significantly higher
dehydrogenase and B-glucosidase activity was recorded in the soils under organic farming
compared to the conventional farming. The obtained results showed an increase in organic
matter content, associated with organic soil management, and its positive correlation with
soil microbial properties.

KEYWORDS: dehydrogenase, B-glucosidase, microbial abundance, organic and con-
ventional management, soybean

INTRODUCTION

The presence and activity of microbial communities have a crucial role
in numerous biochemical cycles important in the functioning of soil ecosystem.
Soil microorganisms play the key role in organic matter decomposition, trans-
formation, mineralization and release of carbon, nitrogen, phosphorus, sulfur and
other nutrients important for plant nutrition. Soil microbes are also involved,
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either directly or indirectly, in many other processes which provide stability to
the soil ecosystem, such as control of erosion through the formation of stable soil
aggregates and soil structure, pesticide degradation, pest and disease regulation
and bioremediation (Nannipieri et al., 2003).

Microbial abundance, diversity and activity are important indicators of
soil quality. Relationships between the stability and functioning of the soil
ecosystem and the changes in microbial community structure are very complex
(Stagnari et al., 2014). Intensification of agriculture, use of cultivation tech-
niques in conventional production and intensive anthropogenic activities cause
serious soil degradation. Microbial community structure is mostly determined
by soil chemical and physical characteristics, but soil management practices
have the potential to modify the biomass, diversity and physiology of microbes
in agricultural fields. Agricultural practice has a complex and diverse influence
on soil microorganisms and composition of their communities (Wang et al., 2016).
Conventional agriculture relies on the use of synthetic mineral fertilizers and
pesticides, which cause adverse impacts on soil health and productivity. However,
they are also regarded as the primary factors which induce negative changes
in soil microbial population, while shaping their size and structure. Organic
production minimizes the impact of agricultural practice on soil quality and
the environment, and represents the best alternative to conventional production.
Approximately 1% of the world’s arable land is under organic soil management
(Lori et al., 2017) with a 14% annual increase in surface area (Wang et al.,
2016). Organic farming improves soil physical and chemical properties, while
the application of different organic fertilizers enriches soil by providing it with
organic matter, and thus enhances soil fertility. Organic farming system aims
to close nutrition cycles and this concept relies heavily on microbial activity.
Soils managed organically exhibit higher microbial diversity, biomass and
activity. However, complex and diverse overall response of soil microbial
populations to soil management type is still insufficiently understood (Stagnari
et al., 2014).

The impact of agricultural management on soil microbial abundance,
diversity and activity is very complex and diverse. For this reason, the aim of
the study was to identify and compare microbial community abundance and
enzymatic activity in soils under organic or conventional farming systems.

MATERIALS AND METHODS

Soil samples were collected from several fields under organic soybean
production at the location Curug—Gospod1nc1 AP Vojvodina. The largest areas
under organic soybean production in AP Vojvodina were registered under Global
Seed d.o.o. (Curug), at the total area of 390 ha (soybean variety Rubin on 170 ha,
NS Maximus on 110 ha, Fortuna on 40 ha, varieties Galina and Valjevka on
35 ha, each). Organic management practice had been applied for at least three
consecutive years prior to sampling all the tested plots.

42



Samples of soil under conventional soybean production were collected at
several fields at the location Rimski Sanc¢evi — Cenej (AP Vojvodina). A total
of 180 samples of soil under certified organic production and 80 samples of
soil under conventional production were collected. Soil samples were collected
randomly form soybean rizosphere, at 0—20 cm, at the beginning of June, in
the period of soybean full bloom (R3), while the number of samples depended
on the size of the plot. Soil samples were stored for microbial analysis at 4 °C,
and maintained until laboratory analysis.

Soil chemical analyses were conducted on air-dried samples, as previ-
ously described (Marinkovi¢ et al., 2018).

The abundance of the total and specific bacterial and fungal communities
was assessed by an indirect dilution spread-plating method on an appropriate
nutritive media. The total number of bacteria was determined on a soil agar,
ammonifiers on a nutrient agar (NA), Azotobacter spp. and free N-fixing bac-
teria on a nitrogen-free medium (Fyodorov’s medium), fungi on a Czapek-Dox
agar, and actinomycetes on a synthetic medium (Krasilnikov’s agar). Plates
were incubated at the temperature of 28 °C, while incubation time depended
on the tested microbial group. The number of Azotobacter spp., ammonifiers
and actinomycetes was detected after 2, 3 and 7 days respectively, while the
total number of bacteria, free N-fixing bacteria and fungi was recorded after
5 days. After incubation, the average number of colony forming units (CFU)
was calculated at 1.0 g of absolutely dry soil (Briones and Reichardt, 1999).
Dehydrogenase activity (DHA) (EC 1.1.1.) was done by measuring the extinction
of colored triphenylformazan (TPF) formed by reducing a colorless triphenyl-
-tetrazolium chloride (TTC) (Casida et al., 1964). TPF concentratlon was measured
at 485 nm, and the results were expressed asug TPF g dry soil. Activity of
B- glucosadase (B-gle) (EC 3.2.1.21) was determined by measuring the extinction
of colored p-nitrophenol, formed by reducing a colorless p-nitrophenyl
B-d-glucoside (PNG) (Hayano, 1973). The intensity of the yellow colored
p-nitrophenol was measured at 400 nm and the average B-glc was expressed
as an enzyme unit. One unit of enzyme was defined as 1 pmol of p-nitrophe-
nol released per min at 30 °C. All microbiological analyses were performed in
three replications.

The variables were analyzed using two-way analysis of variance (ANOVA),
followed by mean separation according to Tukey’s test at the P < 0.05 level of
probability.

RESULTS AND DISCUSIONS

Chemical characteristics of soils under organic and conventional agricul-
ture production are presented in Table 1. The results showed that soil samples
under both organic and conventional production were slightly alkaline (pH
7.26-742), and only one sample was acidic (pH 5.43). Soils under organic farming
belong to the class of humic soils (> 3%), while soils samples in conventional
fields were characterized by the lower humus content (< 3%) (Table 1).
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Table 1. Chemical soil properties of the examined fields

Sample Agricultural pH CaCO; Humus TotalN  AL-P,0s AL-K,0
no.  management inKCl in H,0 % % % (mg 100 g (mg 100 g
1 Organic 7.33 8.10 6.76 3.57 0.245 229 24.00
2 Organic 7.26 8.06 4.22 3.52 0.241 16.2 22.00
3 Organic 7.27 8.07 5.07 345 0.235 12.10 21.00
4 Organic 7.27 8.03 8.44 3.52 0.241 12.20 25.00
5 Organic 543 6.78 0.76 3.47 0.238 4.50 19.00
6 Conventional 7.24 8.29 7.16 2.19 0.163 27.76 29.23
7 Conventional  7.38 8.22 3.38 2.58 0.192 27.90 25.00
8 Conventional  7.42 8.26 4.64 2.62 0.195 26.90 2391
9 Conventional  7.38 8.21 3.80 2.65 0.197 27.40 39.81
10 Conventional  7.37 8.16 4.64 2.38 0.177 25.50 32.37

Organically managed soils enhance microbial community structure, abundance, diver-
sity and activity.

Table 2. Microbial abundance and activity depending on the management system

Azoto-
Soybean bacter MN TNB FNB FNG ACT DHA p-gle

Sample Agricultural Variety ><107 >(107 >(106 X104 X104 (}lg TPF (mU

no. management Spp- S g soil) g soil)
1 Organic Rubin 1310a 173 ab 162a 230a 19a 17a 318a 74.6a
2 Organic  Maximus 1150a 211 a 148ab 231a 20a 20a 217ab 757a
3 Organic Galina 690b 206a 160a 194ab 17a 20a 309a 825a
4 Organic Valjevka 740b 192a 193a 243a 14a 19a 3l4a 790a
5 Organic Fortuna 2c¢ 135b 121ab 77c¢ 28a 3D 35¢c 714 a

Organic Average 778 A 183 A 157 A 195A 20A 16 A 239A 76.6A
Conventional  Rubin Oc 204a 157a 190ab 25a 7ab 60bc 472D
Conventional Maximus 2c¢ 147b 143ab 105b 17a 6ab 73bc 347b
Conventional  Galina Oc 191a 192a 122b 18a 12ab 110b 356D
Conventional Valjevka 1c 213a 163a 138b 28a 8ab 83bc 398b
10  Conventional Fortuna lc 197a 136ab 125b 16a 1lab 63bc 504D

Conventional Average 1B 190A 158A 136 B 21A 9B 78B 41.5B

o || Q|

AMN — ammonifiers; TNB — total number of bacteria; NFB — nitrogen-fixing bacteria;
FNG - fungi; ACT — actinomycetes; DHA — dehydrogenase; B-glc — B-glucosidase.

* The different letters indicate a significant difference at P < 0.05

The results of the study showed significant increase in the abundance of
Azotobacter spp., free N-fixing bacteria, actinomycetes and dehydrogenase
and B-glucosidase activity in soils under organic management. Influence of
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soil management system was not significant for the total number of bacteria,
ammonifiers and fungi (Table 2). The two different soil management systems
did not significantly affect the total bacterial population and fungal abundance
in the previous studies (Scullion et al., 1998; Stagnari et al., 2014; Marinkovic
et al., 2018), which is in accordance with our results. The total number of bac-
teria and fungi were similar in both systems due to their diversity and ability
to adapt and grow under various environmental conditions (Anand et al., 20006).
Azotobacter spp. is among the most important free-living, heterotrophic,
aerobic soil bacteria, capable of fixing an average of 20 kg N ha™ per year
(Jnawali et al., 2015). Azotobacter strains are very sensitive to adverse environ-
mental conditions, and their presence is therefore considered an indicator of
soil quality, health and fertility (Kizilkaya, 2009). Favorable conditions in the
soils under organic production — slightly alkaline pH and organic matter content
above 3%, resulted in an abundance of Azotobacter spp. (690-1310 CFU g soil)
and free N-fixers (194-243x10° CFU g soil) (Table 2). A significant decrease
in the presence of Azotobacter spp. (2 CFU g soil), free N-fixers (77x10° CFU
g soil) and low phosphorus content were noted in sample no. 5 with pH < 5.43.
Azotobacter strains are sensitive to acidic pHand, for this reason, its population
is the most abundant in neutral and slightly alkaline soils (Barnes et al., 2007).
Samples of soil under conventional production also had slightly alkaline pH,
so Azotobacter spp. strains were recorded in extremely low number or not
detected at all (Table 2). The average abundance of free N-fixers (136x10° CFU
g soil) was also significantly lower compared with their presence in fields
under organic production (Table 2). Previous studies showed that populations
of different bacterial N-fixing genera were more abundant under organic soil
management (Jangid et al., 2008; Orr et al., 2012; Stagnari et al., 2014). Extensive
use of mineral fertilizers and pesticides may reduce the number of Azotobacter
spp. and other nitrogen fixing bacteria in the soil (Khudhur and Askar, 2013;
Jnawali et al., 2015; Shaid et al., 2019). Considering that soil chemical analysis
conducted in our research did not reveal high concentrations of P and K in fields
under conventional management, excessive pesticide application is assumed to
have an extreme negative effect on Azotobacter spp. population. Nitrogen fixing
bacteria are known for their sensitivity to pesticides (Moreno et al., 2009; Orr et
al., 2012). Some pesticides may therefore cause deleterious impact to Azotobacter
populations (Shahid et al., 2019) and nitrogen fixers (Walvekar et al., 2017).
Actinomycetes are involved in organic matter turnover, nutrient recycling,
humus synthesis, but they are also known for their ability to produce antimi-
crobial compounds (Aislabie and Deslippe, 2013). Through the production of
extracellular enzymes, these microbes are able to degrade complex organic
compounds, including lignin, cellulose, chitin and pectin, into less recalcitrant
molecules (Eilers et al., 2010; Li et al., 2012). Actinomycetes have a strong
negative relationship with soil pH, thus being more abundant in neutral and
slightly alkaline soils (Sreevidya et al., 2016). The significantly lowest number
of actinomycetes (3x10* CFU g soil) (Table 2) was recorded in the acidic soil
sample. Soil management significantly affected the number of actinomycetes,
while organic farming showed higher average values (16x10* CFU g soil) than
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the conventional (9x10* CFU g soil) (Table 2). Increase in organic carbon
sources, associated with organic fertility management, had a positive correla-
tion with the population of actinomycetes (Chen et al., 2018). Recent studies
confirmed a significant influence of soil management system and an enhanced
population of actinomycetes in soils under organic farming (Stagnari et al., 2014;
Chen et al., 2018).

Enzymatic activity has been proposed as an integrative determinant of
soil quality, because of the key role in numerous biochemical and nutrient-
cycling processes in soils (Stott et al., 2010). Dehydrogenase is widely used as
a reliable indicator of the total oxidative activity of soil microorganisms and
overall soil metabolic activity (Nannipieri et al., 2003). Unfavorable environ-
mental conditions, such as low/high temperature, low/high pH, lower content
of organic matter, and presence of heavy metals, fertilizers and pesticides, could
have an adverse impact on dehydrogenase activity. The lowest DHA (35 pug TPF
g soil) (Table 2) was recorded in the acidic soil sample, confirming significant
relation between dehydrogenase activity and soil pH (Fernandez-Calvino et
al., 2010). Microbial communities in soils under organic production showed
DHA values up to three times higher than those in soils under conventional
productlon Significantly higher average DHA was recorded in organic (239 pg
TPF g soil) than in conventional systems (78 pg TPF g soil) (Table 2). Significant
differences in DHA between production systems could be due to lower soil
organic matter content in conventional fields. Previous research emphasized
a positive correlation between soil DHA and organic matter content (Zhao et
al., 2010; Yuan and Yue, 2012). The B-glucosidase enzyme catalyzes the final
step of cellulose hydrolysis, and plays a major role in degradation of plant
residues (Stott et al., 2010). The activity of B-glucosidase is sensitive to changes
in crop residue management, but could also be an early indicator of changes
in soil organic matter content (Stott et al., 2010). The average B-glucosidase
act1v1ty in the fields under organic management was 51gn1flcantly higher (76.6 mU
g”! soil) than under conventional management (41.5 mU g’ "'soil) (Table 2). The
results confirm that B-glucosidase activity is sensitive to changes caused by
differences in soil management systems. Application of organic materials in
organic production results in increased -glucosidase activity. Elevated levels
of B-glucosidase activity are confirmed in the previous research (De la Hora
et al., 2003; Acosta-Martinez et al., 2007; Stott et al., 2010).

Previous studies showed that soil pH is one of the most important factors
affecting abundance and diversity of bacterial populations, with the optimum
pH close to neutral (Lauber et al., 2009). Our study confirmed significantly
the lowest number of azotobacter, free N-fixers, actinomycetes, and dehydro-
genase activity in the acidic soil sample. Soil organic matter substrate to soil
microorganisms and it is an essential plant nutrient source through mineraliza-
tion (Haynes, 2005). Soils in AP Vojvodina naturally have a high content of
organic matter, but inadequate cultivation practlees applied during a longer
period caused significant reduction in soil organic matter content (Vasin et al.,
2013). Organic matter declines significantly after an extended time of agricul-
tural production (Powlson et al., 2012), and it is lower in some agricultural soils
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than in abandoned soils of the same type (Marinkovi¢ et al., 2018). Organic
management has a positive effect on soil organic matter content through in-
corporation of manure, compost, green manure, and plowing crop residues
(Wang et al., 2016). Increased organic matter content in organic farming pos-
itively influences microbial growth, biomass and enzymatic activity (Lori et
al., 2017). Significantly higher average number of azotobacter, free N-fixers
and actynomicetes, as well as dehydrogenase and B-glucosidase activityfound
in our study, confirm the positive correlation with soil organic matter content.

CONCLUSIONS

Organic soil management practices improved soil nutrient status and im-
pacted positively most of the investigated microbial indicators. Humus content
was higher in all organic fields than on conventional plots. The abundance of
Azotobacter spp., free N-fixing bacteria and actinomycetes was significantly
enhanced in fields under organic farming. There were no significant changes
in the total number of microorganisms, ammonifiers and fungi under specific
agricultural management practices. The average dehydrogenase and
B-glucosidase activity was significantly higher in soils under organic management
than in conventional fields. These results allow better understanding of linkage
between soil management and soil nutritional status, as well as structure and
activity of soil microbial populations.
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MUKPOBUOJIOIIKE KAPAKTEPUCTUKE 3EMJBUIITA
Y PABJIMYUTUM CUCTEMUMA TAJEBA COJE

Jenena b. MAPUHKOBWR, [parana B. BJEJIMh, bpanucnasa b. TUHTOP,
Byk b. BOPBEBUR, Ceetnana H. BAJIEHIEBUKh-TYBUR,
Bojun X. BYKU'h, Mapuna P. REPAH

WHCTUTYT 32 paTapcTBO U IOBPTAPCTBO
Makcuma I'opxor 30, Hosu Cazg 21000, Cpouja

PE3VME: [luss paga 1o je aa ce uCuTa yTHIIA] CHCTEMA r'ajelha Ha MUKPOOHO-
JIOIIKE KapaKTEePHUCTHKE 3eMJBHIITA KOje je 3acejano cojoM. VcTpakuBame je 00yxBa-
Trio 180 y3opaka 3eMJIBHINTA MO CEPTUHHUKOBAHOM OPTaHCKOM ITPOU3BOIIEH-OM COje H
80 y30paxa y KOHBEHLIHOHAJIHO] IPOU3BOAH. BPOjHOCT HCIIUTUBAHKX IPyIIa MUKPO-
opranusama oapeheHa je HHIMPEKTHOM METOIOM pa3peherba, 3acejaBambeM 3eMIbUIIHE
CyCIIeH3Hje Ha OAroBapajyhe celeKTHBHE MOANIOre, 0K je aKTHBHOCT JIEXH/[POreHase
u B-riykosnaase yrephena cnexkrpooromerpujcku. Jlobujenn pesynrartu ykasyjy aa
je cucreM rajerma yTUao Ha CTPYKTYPY U aKTHBHOCT MUKPOOHUX 3ajeIHUIIA. 3HAYAJHU
TIO3UTHUBHA eEKTH OPraHCKe IPOU3BO/IELE OPA3UIIK Cy ce Ha OpojHOCT Azotobacter spp.,
clI000IHUX a30TOPHUKCATOPA U AKTUHOMHUILIETA. YTHIIAj CHCTEMA I'ajerba HUje 3amaxeH
Yy IPOMEHH yKyIHor 6poja 0akTepyja, aMOHH(pHUKATOPA 1 [IbHBA. 3HAYAJHO BUILA aKTHB-
HOCT JIXHApOreHase u B-riykosuzase 3a0eeKeHa je moj OpraHCKoM MPOU3BOAHOM
y nopehemy ca koHBeHUHOHaTHOM. JloGujenu pesyiraTu ykasyjy Aa je nosehatwe y
caJipkajy opraHcke MaTepHje, Koje je IOBEe3aHO ca OPraHCKUM CHCTeMOoM hyOpema, y
MTO3UTHBHO] KOPETANji ca MUKPOOHNOIONIKNM 0COOMHAMA 3eMJBHIITA.

KJbYUYHE PEYU: 6pojHOCT MUKpOOpraHu3ama, IeXuIporeHasa, B-rimyko3uuasa,
OpraHcKa M KOHBCHIIMOHAJIHA TPOU3BO/IHA, COja
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POSSIBILITY OF USING Bacillus AND Trichoderma
STRAINS FOR DECOMPOSITION OF CROP RESIDUES

ABSTRACT: The objective of this study was to investigate the possibility of using
microbial strains as residue decomposers and to determine the effect of these strains on
chemical and microbial properties in the residue-amended soil. Greenhouse experiment
consisted of eight Bacillus treatments, three Trichoderma treatments, and their combination,
all applied to non-sterile chernozem soil amended with wheat straw. Incorporation of wheat
straw improved soil chemical and microbial properties, while the extent of residue decom-
position under microbial strains was intensified. Microbial treatments significantly affected
the soil pH, the content of carbonate, total carbon, soil organic carbon, humus, and available
phosphorus and potassium. Bacterial and fungal treatments also significantly influenced the
total microbial number, ammonifiers, N,-fixers, fungi, actinomycetes, oligotrophs, copiotrophs,
and cellulolytic microorganisms. The effect of microbial treatments varied depending on
the applied strains and examined properties, with Bacillus strains being more promising
residue decomposers compared to Trichoderma strains. The most effective microbial strains
could be used as potential decomposers of crop residues.

KEYWORDS: Bacillus, soil microorganisms, soil organic matter, Trichoderma, wheat
straw

INTRODUCTION

A sustainable agroecosystem relies upon an adequate amount of soil organic
matter (SOM). Organic matter plays an important and multiple roles in soil,
affecting physical, chemical, and biological soil properties, such as soil structure,
cation exchange capacity, soil pH, and nutrient and energy supply for microbial
biomass and higher plants (Walsh and McDonnell, 2012). The amount of organic
matter in soil is largely influenced by cropping (Liu et al., 2005). Management
practices such as repetitive tillage, removal or burning of crop residues, and
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inadequate fertilization result in a decrease of SOM content (Ghimire et al.,
2017). Conversely, increasing or preserving the SOM content requires a sustained
effort that includes reduced or no-tillage, crop residue amendment, integration
of organic and chemical fertilizers, and crop rotations (Shrestha et al., 2013).

Incorporation of crop residues or other forms of organic material may reduce
the application of chemical fertilizers while maintaining SOM levels and im-
proving fertility and productivity of agricultural soils (Singh and Rengel, 2007).
A great proportion of nutrient input during cultivation i.e. 30—35% of applied
nitrogen (N) and phosphorus (P), and 70-80% of applied potassium (K), re-
mains in crop residues (FAO, 2006). For instance, incorporation of wheat straw
saves 50% of the recommended fertilizer quantity, followed by increased pro-
ductivity of crops (Rajput, 1995). Additionally, crop residues are the main con-
tributor to soil organic carbon (SOC) pool, which is a key index for soil fertility
and a major carbon (C) reservoir in an agroecosystem (Manlay et al., 2007). Soil
organic matter dynamics depends on the balance between C inputs via return
of crop residues or organic amendments and C outputs primarily through SOC
decomposition (Wang et al., 2015).

Crop residues are composed of lignin, cellulose, hemicellulose, and nu-
trients. The decomposition of crop residues is primarily determined by soil
microorganisms (Schneider et al., 2012). Burning or removal of residues can
decrease microbial biomass and microbial activity compared with soils where
crop residues are returned to the soil (Chowdhury et al., 2015). Since soil mi-
crobial communities are the main regulators of nutrient cycling and soil carbon
processes, differences in their composition have the potential to influence the
provisioning of crop nutrients and the retention of C in residue-amended soils
(Bending et al., 2002). The intensification of microbial and chemical process-
es during decomposition can be achieved using microbial strains as potential
residue decomposers (Miki et al., 2010).

Species of Bacillus and Trichoderma are widely distributed in soil and
well known for their beneficial effects on crop productivity (Bhattacharyya et
al., 2016). They are among the most investigated biocontrol and plant growth-
promoting agents that contribute to the suppression of plant pathogens and
enhancement of plant growth (Abhilash et al., 2016). However, little is known
about the impact of these microbial strains on residue decomposition and their
relation to the soil microbiome during this process. Therefore, the objective of
this study was to investigate the possibility of using Bacillus and Trichoderma
strains as residue decomposers and to determine the effect of microbial treat-
ments on chemical and microbial properties in the residue-amended soil.

MATERIALS AND METHODS

Microbial strains

Bacillus strains used in this study were obtained from the collection of
the Department of Microbiological Preparations, Institute of Field and Vegetable
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Crops, Novi Sad, Serbia. The strains were originally isolated from the soil samples,
which included the rhizosphere of plants, agricultural and non-agricultural soils
from different locations in the Province of Vojvodina. The bacteria were cultured
for 48 h in nutrient broth (NB) at 30 °C to obtain the 10° cells mI"! inoculum
density. Trichoderma strains originated from the soil samples collected at
Rimski Sancevi experimental field of the Institute of Field and Vegetable Crops.
The fungi were grown on potato dextrose agar (PDA) for seven days at 27 °C.
After incubation, a sample of each fungus was taken and suspended in sterile
distilled water to prepare the 10° spores ml™! inoculum density.

Greenhouse experiment

The experiment was conducted in plastic boxes (36 x 28 x 15 cm) in a
greenhouse under non-sterile, ambient temperature conditions. Each box con-
tained 4 kg of non-sterile chernozem soil, 50 g of wheat straw, and 750 ml of
microbial inoculum. Experiment included eight bacterial treatments: Bacillus
safensis (BS), Lysinibacillus fusiformis (LF), Bacillus megaterium (BM), Bacillus
thuringiensis (BT), Lysinibacillus sphaericus (LS), Bacillus pumilus (BP), Bacillus
cereus (BC), and Bacillus mixture (Bmix); three fungal treatments: 7richoderma
harzianum (TH), Trichoderma asperellum (TA), and Trichoderma mixture
(Tmix); and a combination of bacterial and fungal mixture (BTmix). Mixtures
consisted of bacterial and/or fungal strains mixed in an equal ratio. The effect
of applied microbial treatments was compared to soil and soil with wheat straw,
both with 750 ml of water (control). There were three replications of each treat-
ment. The experiment was conducted for six months and watered weekly to
maintain optimal conditions for microbial activity.

Soil chemical analysis

Soil samples for chemical analysis were collected at the end of the experi-
ment (after 180 days). The samples were dried at the room temperature, milled
and sieved to a particle size of <2 mm. Chemical properties of examined soil
were determined at the Laboratory for Soil and Agroecology of the Institute
of Field and Vegetable Crops, using standard methods. The pH value in 1:5
(v/v) of soil suspension in 1 mol I KCI was determined potentiometrically.
Carbonate content (CaCOs) (%) was measured with a Scheibler calcimeter.
Contents of total nitrogen (N) (%), total carbon (C) (%), and soil organic carbon
(SOC) (g/kg) were obtained via CHNS elemental analysis (Vario EL III, Elemen-
tar). The humus content (%) was assessed by oxidation of organic matter by
the method of Tyurin. Available K,O and P,0Os (mg/100 g) were determined by
extraction with ammonium lactate according to Egner-Riehm. Potassium content
(K) was determined using the flame photometer (Evans Electroselenium Ltd.).
Phosphorus (P) content was analyzed using the blue method in a spectropho-
tometer (Agilent Cary 60, Agilent Technologies). All chemical analyses were
performed in four replicates.
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Soil microbial analysis

Soil samples for microbial analysis were collected four times during the
experiment (after 45, 90, 130, and 180 days). The microbial number was ana-
lyzed at the Department of Microbiological Preparations of the Institute of
Field and Vegetable Crops, using indirect dilution method followed by plating
of soil suspension on selective nutritive media. The total number of microor-
ganisms (TNM) was determined on an agarized soil extract, ammonifiers
(AMN) on a meat-peptone agar (MPA), and free N,-fixers (NFB) on a nitrogen-
free agar. The number of fungi (FNG) was determined on Czapek-Dox agar,
actinomycetes (ACT) on synthetic agar, oligotrophic (OB) and copiotrophic
(CB) bacteria on (C)- poor and (C)- rich medium, and cellulolytic microorganisms
(CEL) on Waksman-Carey medium. The incubation temperature was 28 °C, while
the incubation time depended on the tested group of microorganisms (Jarak
and Puri¢, 2006). The average number of colony-forming units (CFU) was
calculated per 1.0 g of absolute dry soil. All microbial analyses were performed
in four replicates.

Statistical analysis

Data were subjected to analysis of variance (ANOVA). Means were com-
pared using Tukey’s honest significant difference (HSD) test at the P < 0.05 level.
All analyses were performed in STATISTICA 12.6 (StatSoft Inc., USA).

RESULTS AND DISCUSSION

Microbial strains used in this study were selected according to a previously
performed screening of bacteria and fungi for potential cellulolytic activity using
enzymatic and dry fermentation assays (data not shown). Chemical analysis
showed that experimental soil was slightly alkaline and slightly humic, with a
high content of easily accessible phosphorus and optimal supply of easily acces-
sible potassium. Significant differences between soil and soil amended with
wheat straw were observed for pH, SOC, and K (Table 1). Applied microbial
treatments significantly affected all examined soil chemical properties except
total N (Table 1). All Bacillus treatments increased the pH values, while Tricho-
derma treatments had a lower pH compared to control. A significant increase in
pH was recorded with Bacillus safensis, Bacillus cereus, and Bacillus mixture.
Trichoderma harzianum significantly increased the content of CaCOs;, while
other treatments had a negligible impact on the carbonates. Similarly, significant
differences in N content between experimental treatments were not recorded.
Bacterial treatments positively affected the total C and SOC, while a significant
increase was observed in all Bacillus treatments, except Bacillus cereus.
Conversely, fungal treatments slightly decreased the content of total C and
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significantly decreased the content of SOC. All Bacillus individual treatments,
as well as Trichoderma harzianum and Bacillus-Trichoderma mixture treatments
significantly affected the humus content. A significant increase in P and K
content was recorded with Bacillus individual treatments and both Bacillus
mixtures. According to Ogbodo [2011], organic matter from residue improved
the soil pH status by increasing the soil buffer capacity. An increase in soil pH
followed by an increase in nutrient content in residue—amended soil is frequently
reported [Butterly et al., 2013]. The organic matter acts as a storage from which
basic cations are released into the soil solution, while the improved soil nutrient
status leads to better soil quality and crop productivity [Manlay et al., 2007].

Table 1. Chemical properties of residue-amended soil depending on examined microbial
treatments

Treatment pH CaOCO; Total N Total C SO(_)} Humus P K
(%) (%) () (gkg) (W) (mg)*  (mg)*
Soil 735f 093bc 0.184a 195d 1703h 248h  26.1d 22.7¢
Control 756cde 1.17bc  0.189a 2.06cd 18.69f 2.55gh 252d 30.5b
BS 770ab  1.17bc 0.208a 2.24ab 1974b 2.80ab 393a 382a
LF 7.68 abc  093bc 0.203a 2.22ab 19.10c 2.73bcd 35.0bc 39.1a
BM 7.64bcd 1.17bc  0200a 2.27a 20.3la 2.69cdef 340bc 38.6a
BT 7.65abcd 093bc 0.205a 223ab 19.59b 2.76abc 323c 40.0 a
LS 7.68 abc  1.17bc  0.205a 2.18ab 19.08cd 2.76abc 343bc 40.0a
BP 7.68 abc  1.17bc  0.210a 2.18ab 18.89e¢ 2.83a 325¢ 38.6a
BC 771ab  093bc 0207a 2.15bc 18.68f 2.78abc 32.6¢ 38.6a
BMix 777 a 1.35b  0.195a 2.22ab 1893de 2.63efg 327c 409 a
TH 7.51¢e 420a 0.197a 196d 1831g 2.65def 24.0d 29.1b
TA 7.54 de 1.35b  0.193a 199d 1838g 260fg 26.6d 30.5b
TMix 748 ¢ 1.17bc  0.194a 199d 1836g 2.61fg 26.0d 300b
BTmix 7.68abc  0.75¢ 0.20la 2.17abd 18.54f 271bcde 35.8b 382a
P 0.000 0.000 0.091 0.000 0.000 0.000 0.000 0.000

Values are the means of 4 replicates. Values in a column with different letters are statisti-
cally different (P < 0.05), according to Tukey’s HSD test. *In a 100 g sample of soil. BS —
Bacillus safensis; LF — Lysinibacillus fusiformis; BM — Bacillus megaterium; BT — Bacillus
thuringiensis; LS — Lysinibacillus sphaericus; BP — Bacillus pumilus; BC — Bacillus
cereus; Bmix — Bacillus mixture; TH — Trichoderma harzianum; TA — Trichoderma
asperellum; Tmix — Trichoderma mixture; BTmix — Bacillus and Trichoderma mixture.

Different cropping systems can have a positive or negative effect on
microbial number and activity, which directly reflect the fertility of the soil.
Our research revealed that wheat straw amendment increased the presence
of all microbial communities, and led to a significant change in the total
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microbial number, number of ammonifiers, N,-fixers, fungi, and copiotrophs
compared to soil without crop residues. Microbial treatments significantly
affected the number of all examined microbial groups (Table 2). All microbial
treatments, except Trichoderma harzianum, increased the total microbial
number. A significant increase in the total microbial number was achieved
in all treatments apart from Bacillus safensis. The number of ammonifiers
and N,-fixers was increased in applied treatments, while the significant effect
was observed for all treatments but 7richoderma harzianum. The number of
fungi was significantly increased with Trichoderma harzianum, while an
increase in the number of this microbial group was also recorded with Bacil-
lus safensis, Bacillus cereus, Trihoderma asperellum, and both Trichoderma
mixtures. Interestingly, treatments with Lysinibacillus fusiformis, Bacillus
megaterium, and Bacillus thuringiensis led to a significant decrease in the
number of fungi. The number of actinomycetes was significantly higher in
Lysinibacillus fusiformis, Bacillus cereus, and Trichoderma mixture treat-
ments, while their population was not considerably altered in other experi-
mental treatments. All microbial treatments, except Trihoderma harzianum,
positively affected the number of oligotrophs, while a significant increase was
obtained with Bacillus safensis, Bacillus cereus, and Trichoderma mixture.
The number of copiotrophs was higher in all microbial treatments when com-
pared to control, while the significant effect on this microbial group was re-
corded in Bacillus individual treatments, Bacillus mixture, and Trichoderma
asperellum treatments. Cellulolytic microorganisms were significantly increased
with Lysinibacillus sphaericus, Bacillus mixture, Trichoderma asperellum,
and Trichoderma mixture, while a positive effect was obtained in most other
treatments.

Examined microbial parameters in this study are important indicators
of nutrient cycling and carbon processes, as well as the soil perturbations
during residue decomposition. Ammonifiers degrade organic nitrogen com-
pounds, while nitrogen-fixing bacteria reduce atmospheric nitrogen (Isobe
et al., 2014). Actinomycetes and fungi are effective at decomposing complex
organic compounds including lignin and cellulose (Bai et al., 2016). Copio-
trophs and oligotrophs indicate the availability of carbon source, while cel-
lulolytic microorganisms are the main decomposers of plant biomass (Ho et
al., 2017). In this study, higher microbial abundance was accompanied by
higher enzyme activities (data not shown). The higher enzyme activities may
coincide with greater capacity to produce enzymes by the larger microbial
biomass or might be partially attributed to higher substrate quantity and
complexity (Yang et al., 2011). Previous studies reported the importance of
crop residue returns for improving microbial community structure and main-
taining soil fertility (Pascault et al., 2010; Arcand et al., 2016), while this
research emphasized its significance through the application of adequate
microbial strains.
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Table 2. Microbial properties of residue-amended soil depending on examined treatments

TNM AMN NFB FNG ACT OB CB CEL

Tfeatt' (CFUX10°) (CFUx10%) (CFUxI0) (CFUxI0%) (CFUxI0®) (CFUx10%) (CFUx10%) (CFUxI0%)
men

g soil

Soil 107 h 671 60 f 17 efg 0d 91g 251 g 4d

Control 344 f 166 h 197e 24 bcede 2cd 310 defg 529 f 21 cd
BS 399 ef  394def 269d  28abed 2cd 461 abc 649 de 27 cd
LF 445de 397 def 361 be 12 gh I1a 501 ab 677 de 41 be
BM 446de  420cde 389D 15 fgh 3cd  384bcde 676 de 40 be
BT 509bc 404 def 372 bc 9h 3cd 337 cdef 655 de 39 be
LS 510 be 609 a 603 a 21 def 2cd 371 cdef 841 ab 58 ab
BP 597 a 493 b 397b 18 efg 0d 349 cdef 928a 20 cd
BC 562 ab 370 ef 329¢ 30 abc 6b 266 efg 818 be 26 cd
BMix 564 ab 477 be 358 bc 22 cdef lcd  428abed 734 cd 54 ab
TH 245 g 216 gh 205 e 36a 2cd 249 fg 589 ef 19 cd
TA 489 cd 244 ¢ 407b 31 ab lecd 352 cdef  700d 60 ab
TMix 519 be 347 f 380bc 28 abed 4¢ 541 a 538 f 79 a
BTmix  491cd 457bcd  259d  25bcde lecd 359 cdef 589 ef 20 cd
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Values are the means of 4 replicates. Values in a column with different letters are statisti-
cally different (P < 0.05), according to Tukey’s HSD test. TNM: total microbial number,
AMN: ammonifiers, NFB: N,-fixers, FNG: fungi, ACT: actinomycetes, OB: oligotrophs,
CB: copiotrophs, CEL: cellulolytic microorganisms. BS — Bacillus safensis; LF — Lysini-
bacillus fusiformis; BM — Bacillus megaterium; BT — Bacillus thuringiensis; LS — Lysini-
bacillus sphaericus; BP — Bacillus pumilus; BC — Bacillus cereus; Bmix — Bacillus mix-
ture; TH — Trichoderma harzianum;, TA — Trichoderma asperellum; Tmix — Trichoderma
mixture; BTmix — Bacillus and Trichoderma mixture.

CONCLUSIONS

Our study confirmed the importance of residue incorporation and mi-
crobial decomposition in agricultural soil. Incorporation of wheat straw had
a positive effect on examined soil properties, while microbial treatments im-
proved chemical properties and increased microbial number. Overall, Bacillus
treatments had a better effect on examined soil properties compared to Tricho-
derma treatments. Individual Bacillus strains mostly had an advantage over
their combined application, while Trichoderma strains had the best effect in the
mixtures. The most effective microbial strains could be used for decomposition
of wheat straw in soils with similar properties. A further selection of microbial
strains through greenhouse and field trials will be necessary to establish their
efficiency as individual and combined decomposers of various crop residues
in different soil environments.
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MOI'YRHOCT KOPUINRELA Bacillus U Trichoderma COJEBA
3A PA3JIATALE )KETBEHUX OCTATAKA

Hparana b. BJEJINR, Jenena b. MAPUHKOBUR, bpanucrasa b. TUHTOP,
Jopmana M. HUHKOB, Josuma P. BACUH, Munopaz C. )KUBAHOB,
Cuexana I1. JAKIIINh

WHCTUTYT 3a paTapcTBO U MIOBPTAPCTBO,
Maxkcuma I'opkor 30, Hoeu Cax 21000, Peny6uika CpOuja

PE3UME: Llnsb paga 6uo je 1a ce yTBpau MoryhHoOCT Kopuirherma MUKPOOHOIIONI-
KHX COjeBa y pa3jiaramy )KEeTBEHHX OCTaTaka, Kao 1 e()eKaT OBUX COjeBa Ha XEMH]jCKa
Y MHKDPOOHOJIOIIKA CBOjCTBA Y 3eMJBHIITY Ca JIOJATKOM )KeTBEHUX octaTaka. Orien y
cTakJIapu 00yXxBaTHo je ocam Bacillus Tpet™maHna, Tpu Trichoderma TpeTMaHa 1 FBUXOBY
CMeIIly, KOjU CY IPUMEEHU Y HECTEPUITHOM 3eMJBHIITY THIIA YEPHO3EM Ca MIIEHUYHOM
CIaMOM. YHOIICHE cllaMe T000JBIIAN0 je XeMHjcKa U MUKPOOHOJIOIIKA CBOjCTBA 3€-
MJBHMIIITA, 10K je IPUMEeHa MUKPOOHOJIOLIKNX COjeBa MHTEH3NBUPaJla pasrpaimwy xKe-
TBEHUX OcTaTaka. MUKpOOHOJIOIIKY TPETMaH! 3Ha4ajHO Cy YTULaau Ha pH 3emsbuinTa,
caJipxkaj kKapOoHaTa, yKyIIHOI YIJb€HHKA, OPraHCKOI' YIJbeHUKA, XyMyca, IPUCTYIauHOT
tdocdopa n xanujyma. Tpermanu ca 6akTepujama U TJbHBaMa Takole cy 3Ha4ajHO
YTHIAIH Ha YKYTIaH Op0j MUKPOOpTraHu3aMa, OpOojHOCT aMOHU(pHKCATOpa, a30TO(QHK-
caropa, rJbUBa, aKTHHOMHUIIETA, OJIUTOTPOda, KOMHOTPO(a U IETYIOTUTHIKAX MHKPO-
oprannzama. EdekaT mpruMemeHIX TpeTMaHa Baprpao je y 3aBUCHOCTH OJ] TPUMEHCHOT
COja M HCIIUTHBAaHUX CBOjCTaBa, IIPU YeMY Cy cojeBH Bacillus-a umanu 6obu eexar y
pasrpaamK )KeTBEHUX ocTaTaka y nopehemy ca Trichoderma cojesuma. Hajepukacuuju
MHUKPOOHOJIOMIKH COjEBH MOT'Y C€ KOPUCTHTH Ka0 MOTSHIIMjATHH pa3iaradu )XeTBEHUX
ocTaTaka.

KJbYYUYHE PEYM: Bacillus, 3eMbUIIIHE MUKPOOPTAaHU3MU, OpraHCKa MaTepuja
3eMJbHINTA, Trichoderma, MIIeHNYHA cllaMa
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RESPONSE OF CHEMICAL AND MICROBIAL
PROPERTIES TO SHORT-TERM BIOCHAR AMENDMENT
IN DIFFERENT AGRICULTURAL SOILS

ABSTRACT: The objective of this study was to assess the effect of biochar soil amendment
(BSA) on chemical and microbial properties in different agricultural soils in Vojvodina Prov-
ince. Short-term pot experiment consisted of five biochar application doses (0, 0.5, 1, 2, and
3%) and five contrasting soil types (Mollic Gleysol, Eutric Cambisol, Calcaric Fluvisol,
Gleyic Chernozem, and Haplic Chernozem), planted with sunflower (Helianthus annuus L.)
and winter wheat (Triticum aestivum L.). The examined chemical and microbial properties
were significantly influenced by soil type and interaction of experimental factors. Significant
influence of biochar on the contents of calcium carbonate (CaCO;), total nitrogen (N), total
carbon (C), soil organic carbon (SOC), humus and potassium (K) of the tested soils was observed.
Biochar also significantly affected the number of azotobacters (AZB), fungi (FNG), actino-
mycetes (ACT) and copiotrophic bacteria (CB). The effect of BSA varied depending on the
applied dose, with higher values of the examined chemical and microbial parameters at higher
doses of application. Further studies on using biochar in soils with low fertility will be neces-
sary to establish its efficiency as an enhancer for agricultural production in Serbia.

KEYWORDS: biochar, carbon, humus, nitrogen, microbial number, soil type

INTRODUCTION

Biochar is a stable C-rich material produced by thermal degradation of
plant-derived biomass under oxygen-free to oxygen-deficient conditions (Sohi
et al., 2009). Application of biochar into agricultural soils can improve soil fertil-
ity, increase carbon sequestration and mitigate greenhouse effects (Brassard
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et al., 2016). Numerous studies confirmed that biochar soil amendment (BSA)
changes physical and chemical soil properties (water holding capacity, soil
aeration and pH, soil structure, nutrient retention and availability, release of
soluble C and availability of micronutrients), decreases fertilizer requirements,
and increases sorption of toxic compounds (Lehmann and Joseph, 2009). Positive
priming effects of biochar on crop biomass and yield have also been reported
(Castaldi et al., 2011).

Studies of BSA have mainly been conducted in regions with tropical and
humid climate, on soils which are more degraded, while the possibility of bio-
char application on soils in regions with temperate climate remains unexplored
(Jeffery et al., 2011; Liao et al., 2016). There is no experimental confirmation
on using biochar and its effects on soil properties in the environmental condi-
tions of Vojvodina Province (South Pannonian Plain), Serbia. The soils in
Vojvodina are potentially fertile. However, a downward trend in the content of
humus and soil organic carbon (SOC) has been observed over the past few
decades as a result of tillage, insufficient fertilization, removal and burning of
crop residues (Seremesic¢ et al., 2013).

For the long-term preservation of soil fertility and protection of agroeco-
logical systems, it is necessary to enable intensification of microbiological
activity by applying appropriate measures, such as BSA. Soil microorganisms
can be affected by BSA because of their role in mineralization of organic matter
and involvement in nutrient cycles (Ferrell et al., 2013). Improved understand-
ing of the dynamics and interrelationship between chemical and microbial
properties in response to biochar amendment can provide valuable information
on soil fertility potential and assessment of strategic biochar application to
agricultural soils (Quilliam et al., 2013). Therefore, the objective of this study
was to assess the effect of biochar amendment on chemical and microbial
properties in different agricultural soils in Vojvodina Province (Serbia).

MATERIAL AND METHODS
Soil description

Soil types were selected based on the most common use by farmers in the
study area (Vojvodina Province): Mollic Gleysol (clayic): GL-mo-ce (Novi
Becej, 45° 58’ N; 20° 08’ E; 70 m), Calcaric Fluvisol (arenic): FL-ca-ar (Sangaj,
45° 29’ N; 19° 87" E; 75 m MASL), Eutric Cambisol (clayic): CM-eu-ce (Buko-
vac, 45° 20’ N, 19° 90’ E, 198 m MASL), Gleyic Chernozem (arenic): CH-gl-ar
(Futog, 45° 24’ N; 19°70” E; 78 m MASL) and Haplic Chernozem (loamic):
CH-ha-lo (Cenej, 45° 35’ N; 19° 79 E; 79 m MASL). Soils were classified ac-
cording to the World Reference Base for Soil Resources (IUSS Working Group
WRB, 2014). Vojvodina Province extends in the Pannonian Plain, characterized
by typically temperate, continental climate.
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Biochar

Biochar was purchased from a local company in Serbia. Chemical prop-
erties of biochar were analyzed according to the methods applied in soil anal-
ysis. Ash content of biochar was < 4 %, with the density of 0.402 g cm?, and
moisture of 4—10%. Biochar contained 74.51% carbon (C), 95.03% organic
carbon (C,,), and 0.547% nitrogen (N). Available phosphorus (P) content was
53.8 mg/ 100 g, available potassium (K) content was 291 mg / 100 g, whereas
pH of biochar was 7.54 (in KCI) and 8.24 (in H,O). Before application into the
soil, biochar was milled and passed through a brass sieve with a 2 mm aperture
size and weighed in bags with the planned amount for each pot.

Pot experiment

The experiment was conducted in a greenhouse under semi-controlled
conditions, characterized by the complete control of soil moisture, partial control
of light and protection from adverse mechanical influences, without controlling
the air temperature. Soils and biochar were simultaneously distributed in pots
(v/w 10 1) in the amount of 5 kg per pot. The experiment consisted of five biochar
application rates: 0 (0%), 25 (0.5%), 50 (1%), 100 (2%) and 150 (3%) g pot
(w/w). Treatments were arranged in a randomized block design with four rep-
lications. The experimental crops were winter wheat (Triticum aestivum L.)
and sunflower (Helianthus annuus L.). Sunflower was sown in early April and
matured in late August. Winter wheat was sown in early October and harvested
in early June of the following year.

Soil sampling

After harvesting winter wheat at the end of the experiment, the samples
were collected from the experimental pots assembled for each soil type and
biochar dose in order to examine the effect of biochar application. After removing
approximately 3 cm of the soil surface, about 0.5—-1 kg of soil was taken from
each pot. The samples were placed into polyethylene bags and transported
to the laboratory. The samples were sieved at <2 mm and stored at room tem-
perature for chemical analysis. An aliquot of each soil sample was stored in
refrigerator at 4 °C before microbiological analysis. All chemical and microbial
analysis were performed in four replicates.

Soil chemical analysis

The main chemical properties of examined soils were determined using
standard methods. pH in soil suspension with water or 1M KCl was analyzed
potentiometrically (Mettler Toledo SevenCompact pH/ion). The content of
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calcium carbonate (CaCOs) (%) was determined with a Scheibler calcimeter.
Humus content (%) was determined by oxidation of organic matter by the
method of Tyurin. Contents of total nitrogen (N) and total and organic carbon
(C and C,y) (%) were analyzed on elemental CHNS analyzer (Vario EL III,
Elementar). C,, (%) content was expressed in the SI unit as g C/kg soil (SOC
g/kg). Available K,0 and P,Os (mg/100 g) were analyzed by AL-method ac-
cording to Egner-Riehm, by extraction with ammonium lactate. Potassium
content (K) was determined by the flame photometer (Evans Electroselenium
Ltd.) and phosphorus (P) content was assessed using the blue method in a
spectrophotometer (Agilent Cary 60, Agilent Tehnologies).

Soil microbial analysis

Total cultivable bacterial and fungal colony forming units (CFU) were
measured by the dilution plate method on the appropriate nutritive media. The
total number of microorganisms (TNM) was determined on a soil agar (5 days,
at 28 °C), the number of Azotobacter sp. (AZB) and free N,-fixers (NFB) on
nitrogen-free medium (Fyodorov’s medium) (48 h and 5 days, respectively, at
28 °C). The number of ammonifiers (AMN) was determined on a meat peptone
agar (3 days, at 28 °C), actinomycetes (ACT) on Krasilnikov’s agar (7 days, at
28 °C), fungi (FNG) on Czapek-Dox agar (5 days, at 28 °C), copiotrophic (CB)
and oligotrophic (OB) bacteria on high and low C content medium (7 and 14 days,
at 28 °C). The average number of colony forming units (CFU) was calculated
per 1.0 g of soil dry weight.

Statistical analysis

Data were subjected to analysis of variance (ANOVA) using software
STATISTICA 12.6 (Statsoft, Tulsa, Oklahoma, USA). Means were separated
using Tukey’s HSD (honest significant difference) test at the P < 0.05 level.

RESULTS AND DISCUSSION

Chemical properties of the examined agricultural soils varied significantly
depending on the type of soil (Table 1). Investigated soil types had a slightly
alkaline pH reaction, which is a favorable environment for the growth and de-
velopment of most plants and microorganisms. Variability of the other tested
chemical properties was very apparent because of differences between the stud-
ied soil types. The highest contents of total N, total C, SOC, and humus were
observed in Haplic Chernozem, followed by Mollic Gleysol. The lowest values
of these parameters were detected in Gleyic Chernozem, where the highest con-
tents of available P and K were found. Lower contents of humus, N and SOC
were also determined in Eutric Cambisol and Calcaric Fluvisol (Table 1).
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Biochar had significant influence on the content of CaCOs;, total N, total C,
SOC, humus and K. Interaction of soil type and biochar doses significantly
affected the pH, total N, total C, SOC humus and K. Except pH and CaCOQO;,
concentration of all the examined chemical properties showed an upward trend
after applying an increased dose of biochar (Table 1). The highest increase of
examined chemical properties was recorded at 2% and 3% biochar treatments.
The results are in accordance with those presented by Ippolito et al. (2014),
who reported positive effects of BSA on chemical properties in calcareous
soils. A significant increase in humus content along with increased doses of
BSA could be explained by chemical content of BSA and high content of total
C (74.51%). The positive effects of BSA on C and humus content suggested
that application of biochar may promote the formation of stable soil organic
matter (SOM) (Muhammad et al., 2014; Prayogo et al., 2014).

Table 1. Chemical properties depending on examined soil types and biochar doses

CaCO; Total N Total C SOC  Humus P K
(%) (%) (%) (gkg) (%) (mg)*  (mg)*
GL-mo 723e¢ 0.68d 025b 434a 355a 374b 1442c 2578b
CM-eu 742d 067d 015d 20lb 142c 18d 916d 16.13d
Soil (S) FL-ca 775a 21.66a 0.17c¢ 435a 178b 221c 1507c¢c 74le
CH-gl 76lb 540c 0l4e 179b 132c 171d 4095a 39.67a
CH-ha 749c 735b 030a 4.68a 363a 475a 2345b 19.03¢
0% 75la 757a 018d 260b 17.3c¢ 2.38d 2030b 2061b
Bio- 0.5% 750a 718ab 0.19c 296b 193¢ 2.56c 2048ab 21.26b
a};‘;‘r 1%  752a 7.09ab 020b 3.3b 228b 28lb 20.57ab 21.56b
2%  747a 683ab 022a 4.12a 284a 3.16a 20.62ab 21.14b
3%  749a 708b 023a 436a 292a 332a 21.08a 2345a
S 0.000 0.000 0.000 0000 0000 0000 0.000  0.000
P B 0069 0008 0000 0000 0000 0000 0076  0.000
SxB 0024 0085 0000 0012 0000 0000 0.115 0007

Factor/Variable pH

Values are the means of 4 replicates. Values in a row with different letters are statistically
different (P < 0.05), according to Tukey’s HSD test. GL-mo: Mollic Gleysol, CM-eu: Eutric
Cambisol, FL-ca: Calcaric Fluvisol, CH-gl: Gleyic Chernozem, CH-ha: Haplic Chernozem.
“Ina 100 g sample of soil.

Soil properties have a strong impact on a range of processes influencing
crop yield, including microbial diversity (Coleman, 2011). The abundance and
activity of certain microbial groups are positively or negatively correlated with
soil chemical properties (Falkowski et al., 2008; Liang and Balser, 2011). Soil
microorganisms can be affected by BSA because of their role in maintaining
crop productivity through mineralization of complex organic compouds in soil,
as well as their sensivity to environmental change (Ferrell et al., 2013; Muhammad
et al., 2014). The analysis of variance revealed that the soil type significantly
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influenced the number of all investigated microbial groups (Table 2). The TNM,
NFB, AMN, CB and OB were significantly higher in Mollic Gleysol compared
with other soil types. AZB and ACT were most abundant in Chernozem soils,
while the number of FNG was the highest in Calcaric Fluvisol (Table 2).

BSA had significant influence on the number of AZB, FNG, ACT and
CB. Interaction of experimental factors significantly affected the number of
all the examined microbial groups (Table 2). The effect of BSA depended on
microbial group and the applied dose. Better effects on the tested microbial
parameters were obtained with higher doses of biochar (1-3%). The treatments
negatively affected the number of AMN and FNG.

Table 2. Microbial properties depending on examined soil types and biochar doses (g soil)

Factor/ AZB TNM AMN NFB FNG  ACT OB CB
Variable  (CFUx109) (CFUx10°) (CFUx10%) (CFUX10%) (CFUx10%) (CFUx10%) (CFUx10°) (CFUx10°)

GL-mo 46 ab 467 a 242 a 637 a 67b 2d 371 a 371 a
CM-eu 12¢  255b  1l11b  402bc  62b 4cd  294b  224c¢
FL-ca 40b  325b  153b  500b  85a 7bc  389a 283 bc
CH-gl 60a  149¢  90b  327c¢  29c¢ 11b  156c  302ab
CH-ha 54ab  137¢  117b  36lc  35c¢ 19a  160c 256 be

0%  38b 270ab 172a 454a  7T5a 6b 2702 250b

Bio. 05% 36b  27lab 162a  430a  45b 12a  255a  247b
char 1% 42 ab 254 ab 125a 428 a 50 b 12 a 295 a 373 a
B) 29  39ab  313a 152a  475a  52b 6b 3042  336a
3% 57a  225b  100a  439a  56b 7b 247a  229b

S 0.000  0.000 0.000 0.000 0000 0000 0.000 0.000

P B 0019 0052 0076 0.68 0000 0000 0.124  0.000
SxB 0012 0000 0008 0004 0000 001 0000 0.000

Soil
®)

Values are the means of 4 replicates. Values in a row with different letters are statistically
different (P < 0.05), according to Tukey’s HSD test. GL-mo: Mollic Gleysol, CM-eu: Eutric
Cambisol, FL-ca: Calcaric Fluvisol, CH-gl: Gleyic Chernozem, CH-ha: Haplic Chernozem.
AZB: azotobacters, TNM: total microbial number, AMN: ammonifiers, NFB: N,-fixers,
FNG: fungi, ACT: actinomycetes, OB: oligotrophs, CB: copiotrophs.

Our results are similar to those reported by Hu et al. (2014) who found 12%,
30%, 37% higher bacterial diversity, and 17%, 40%, 23% lower fungal diversity
in biochar amended soil. Similarly, biochar application to a calcareous soil caused
an increase in soil C content, soil respiration rates and bacterial populations
(Ippolito et al., 2014). Prayogo et al. (2014) observed that the amount of bacterial
biomass was increased by BSA, providing evidence of stimulated abundance
of Gram-negative bacteria and actinobacteria. Anderson et al. (2011) discovered
that BSA had a positive influence on the abundance of bacterial families involved
in nitrate denitrification, while organisms involved in nitrification were less
abundant.
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AMN participate in the processes of decomposition and transformation
of organic nitrogen compounds in the soil, while NFB have the ability to reduce
atmospheric nitrogen, transform it into plant-available forms, and thus enrich
the soil with this important element. CB and OB were selected to determine
bacterial response to alteration in C availability. As active decomposers of
organic matter, ACT and FNG are included in the cycle of C, N, P, and other
nutrients. Positive effects on the analyzed chemical and microbial properties
revealed that BSA could potentially affect soil C and N cycling in the examined
agricultural soils. Although it is accepted that most of the biochar-C is largely
unavailable to microbes (Thies and Rillig, 2009; Farrell et al., 2013), it is clear
that BSA can have positive influence on microbial community structure and soil
fertility (Sun et al., 2013; Gul et al., 2015), which was confirmed by this research.

CONCLUSION

The examined soil properties were significantly influenced by soil type
and interaction of experimental factors. Biochar amendment significantly af-
fected the contents of calcium carbonate, total nitrogen, total and soil organic
carbon, humus, potassium, as well as the number of azotobacters, fungi, actino-
mycetes and copiotrophic bacteria of tested soils. This was the first experiment
examining biochar implementation in Serbia, in the continental ecological
conditions of Vojvodina Province, and presents the preliminary results of its
effect on the chemical and microbial properties of agricultural soils. Further
research will include testing the effect of biochar application in field conditions,
on a range of crop species and soil types. In addition to soil properties, it will
be necessary to establish the effect of biochar application on yield components
and quality of agricultural products.
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[MNPOMEHE XEMUNICKNX U MUKPOBHNOJIOIIKNX CBOJCTABA
HAKOH ITPUMEHE BUOYTJbA HA PA3JIMYUTE THUIIOBE
OBPAJIBOI" 3BEMJBUILTA

Murnopan C. )KUBAHOB', Cphan U. INEPEMEIINR?,
Jparana B. BJEJIUR!, Jenena b. MAPI/IHKOBI/ITH JoBuna P. BACI/IHI
Jopnana M. HUHKOB', Cranxko B. MI/IJ'H/ITl]

"MucTuTyT 32 paTapcTBO M HOBPTAPCTBO,
Maxcuma I'opkor 30, Hoeu Cax 21000, Cpouja
> VausepsuteT y HoBom Caﬂy, [oseonpuBpenan haxkymnTer,
Tpr Hocuteja O6pamosuha 8, Hosu Cax 21000, CpOuja

PE3UME: L1usb 0BUX HCTpaXKuBatba OO je 1a Ce MPOLCHH yTHLE] OHOYTIba, Kao
oIJIeMembUBaya 3eMJbHILTA Ha XeMHUjcKa 1 MUKPOOHOJIOIIKA CBOjCTBA HA Pa3IMUUTHM
TUIIOBUMA [OJbONIPUBPEAHOT 3eMJbUIITa Y BojBoauuu. KpaTkopouHu ekcriepuMeHT y
CyIOBHMa CacTojao ce oz et 1o3a npumene onoyrsba (0, 0.5, 1, 2 1 3%) n niet pasnuan-
THX TUTIOBA 3eMJBHINTA (PUTCKA IIPHHIIA, €y TPHYHU KaMOKCOJI, aJTyBHjaJTHO 3EMJBHIIITE,
YEPHO3EM Ha allyBHjaIHOM HAHOCY M YEPHO3EM Ha JIECHO] TePacH), e Cy y ABE IPO-
M3BOJIHE TOJIMHE T'ajeHH 03MMa IIICHUIA U CYHUOKpeT. Ha nenutnsana xemujcka u
MHKPOOHOIOIIKA CBOJCTBA 3HAYAJHO Cy Y THLAJIM THII 3¢MJBUIITA M MHTEPAKLIMja eKCIIe-
puMeHTaTHHX (hakTOpa. YOUeH je 3Ha4ajaH yTHLAj OMOYTJba Ha capikaj KaJIlujyM-Kap-
6onara (CaCOs), ykymHor asora (N), ykynHor yribeHuka (C), opraHckor yribeHuKa
(SOC), xymyca u kanujyma (K) y ucnutuanom 3emsbuiity. buoyrass je rakohe 3Hauaj-
HO yTHUIa0 Ha Opoj azoTobakTepa (AZB), rpuBa (FNG), aktunomutiera (ACT) u kormo-
tpoduux 6axTepuja (CB). Edexar Onoyriba Bapupao je y 3aBUCHOCTH O IPUMEHCHE
J103€, ca BULIIMM BPEIHOCTUMA UCIIUTUBAHUX XEMH]CKUX U MUKPOOHOJIOLIKUX ITapamMe-
Tapa IIpU BUIIKUM J03aMa puMeHe. [la 01 ce yTBpAUIIa BeroBa e(uKacHOCT, Kao OIule-
MEHBaya 3eMJBUIIITA U yHATpelema MoJboIpruBpeaHe Mpon3Bomke y CpOuju, moTpedHo
j€ YpaJMTH jOoUI UCTPaXKUBamka ca KOpUIIhemeM OHOyTIiba Ha 3eMJBUIITHMA JOIIHjUX
MIPOU3BOJIHUX CBOjCTABA.

KJbYYHE PEYMU: a3ot, 6royrasb, OpojHOCT MUKPOOPTaHU3aMa, THIT 3eMJBHIITA,
YIIJbEHUK, XyMYC
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MAINTENANCE OF SOIL FERTILITY ON
ORGANIC FARM BY MODELING OF CROP ROTATION
WITH PARTICIPATION ALFALFA

ABSTRACT: The aim of this paper is to maintain soil fertility on an organic farm
without livestock production by using alfalfa green biomass. The research was carried out
on the farm of Mokrin PP company, by modeling and sizing of crop rotation with alfalfa
(Medicago sativa L.) on the non-carbonate humoglay. To ensure a cost-effective technical
solution, alfalfa seed production was organized. In the autumn of 2015 alfalfa sowing was
carried out in a field of 5 ha. Green biomass of the first and third cuttings, as well as crop residue
after harvesting of seeds in the second cutting, were mowed and chopped by harvester for
low silage and stored in the silage-pit. After nine months, a mature alfalfa compost was
obtained with optimum values of total nitrogen (5.04%), organic matter (42.56%), C/N, pH,
humidity, and EC.

Two-year alfalfa utilization is the recommended time in this research because to the
following benefits: in crop rotation, alfalfa field is provided with nitrogen by symbiotic ni-
trogen fixation and the alfalfa is cultivated every five years in the same field, while in the
middle of that period the field is fertilized with compost produced on the farm. The amount
of compost obtained by crop rotation (2016 — 48.80 t; 2017 — 62.30 t) is enough for about
20% of the arable area per year. Thus, the fields are fertilized every fourth year with 10 t
ha! of compost. Thanks to alfalfa biomass and seed and also nitrogen fixation, maintaining
soil fertility is resolved in a sustainable and natural way.

KEYWORDS: alfalfa, composting, fertility, organic production
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INTRODUCTION

Organic production of food is based on ecological practice, a high degree
of biodiversity, and the conservation of natural resources. Council Regulation
(EC) no. 834/2007 from 28 June 2007, especially points out the rational use of
soil, water, and soil organic matter, by application of procedures that are not
harmful to them. The plant nutrition should be provided through the ecosystem
of the soil, and not by using soluble fertilizers that would be added to it. The
fertility and biological activity of the soil is maintained and increased by the
practice of wider crop rotation, with a greater share of legumes and the introduc-
tion of cover crops (Ugrenovi¢ and Filipovi¢, 2017), using composted organic
fertilizers originating from livestock production or farm waste. Particular
emphasis is placed on the importance of livestock production for organic agri-
cultural holdings since they provide them with the necessary organic matter
for cultivated land. However, there are only forty producers in organic livestock
production in Serbia (DNRL 2016). Bearing in mind the ban on the use of syn-
thetic mineral fertilizers, and the application of commercial certified fertilizers
for organic production is often not economically justified, a small volume of
organic livestock production undermines the sustainability of total organic
production, especially when it comes to maintaining of soil fertility. An impor-
tant principle of organic production is the preservation and improvement of
biodiversity. The intensification of agriculture in the last decades has severely
affected biodiversity (Ugrenovi¢ et al., 2012), and the inappropriate use of
synthetic agrochemicals has also caused land biodiversity loss.

A large number of researchers have considered the maintenance of soil
fertility and crop-rotation in organic production in the world (Watson et al., 2008;
Mohler & Johnson, 2009; Altieri, 2015; Jat et al., 2015; Wande, 2015). The
obtained results can only be partially applied in the organic production of
Serbia, since the agro-ecological, technical, technological, and social conditions
are significantly different. Attention has not been paid yet to the maintaining
of the soil fertility on organic manors without animal husbandry by modelling
crop relation with the use lucerne (Medicago sativa L.). Compost from biomass
of alfalfa has not been produced so far. Research of Cupina et al. (2017) deals
with the topic of annual cover crops and the nitrogen budget. Several transparent
works are available (Cupina et al., 2004, 2004a, Cuvardi¢, 2006, Ugrenovié and
Filipovi¢, 2017) and additional researches with various commermal certified
organic fertilizers and soil cultivators (Filipovi¢ et al., 2012; Bogdanovié etal.,
2013; Popovic et al., 2014; 2019; Dozet et al., 2017).

Organic production is controlled, and the Law on Organic Production
(Official Gazette of the Republic of Serbia, 30/2010) for the maintenance of
soil fertility, application of wider crop rotation and preservation of biodiver-
sity, particularly defines the criteria that the organic producer must fulfill in
the process of control and certification. In this sense, the proposed technical
solution aims to address the issue of soil fertility maintenance on organic farms
that do not have livestock production, modeling an optimally sized crop rotation,

72



with the participation of alfalfa (Medicago sativa L.), which should: 1) provide
biomass for composting to produce sufficient quantity of quality compost on
the farm, 2) provide symbiotic nitrogen fixation of soil with nitrogen for future
crops in crop rotation, 3) protect and improve soil biodiversity by increasing
the number of useful microorganisms, 4) obtain the primary product, interesting
for the processing industry and the market. All this should be modeled in a way
that does not increase production costs.

MATERIAL AND METHOD

The proposed technical solution was studied on 25 ha of Agricultural
enterprise Mokrin doo production areas (N 45° 57° 1213”, E 20 22’ 3830”) in
the system of organic production, on the non-carbonate humoglay soil. To solve
the soil fertility issue on organic farms with no livestock production, there was
modeled and sized a five-field crop rotation, with a share of alfalfa (20%), millet
(Panicum miliaceum L.) 20%, spelt (Triticum spelta L.) 20%, sunflower (Heli-
anthus annuus L.) 20%, and oats (4vena sativa L.) 20% (Scheme 1). The goal
of using alfalfa was to provide biomass for the production of compost in crop
rotation for the maintenance of soil fertility. To ensure economic viability in such
circumstances, the production of alfalfa seed is organized. At the end of 2015,
on the surface of 5 ha, on which the pre-sowing crop was wheat, conservation
treatment of the soil by both full-scale shallow cultivation and deep cultivation
in one single pass was performed by Vaderstad-Top Down 300S (30 cm depth).
Then, on 8 September, alfalfa (Banat VS variety) was sown by Vaderstad-Rapid
400 C sower, at a row distance of 12.5 cm, to a depth of 2-2.5 cm, with 16 kg ha’!
of seed. For the next two years (2016, 2017) when the crop of the first and third
branches was in the phase of forming the flower buds until the beginning of
flowering, the over-ground biomass was harvested with silorator for low silage,
cut and stored in the silage holes on the farm in Mokrin. In the second cutting
in both years, when most of the pods in alfalfa crop received a dark color, two-
phase harvesting of seeds was done. Herbal residues after threshing were also
utilized for composting. In the autumn of 2017, the crop was partially destroyed
by soil cultivation. During the vegetation period of alfalfa, phenological observa-
tions were carried out: sprouting, intense growth, flowering, butonization, and
maturation. During transportation, measurements of the amount of green biomass
and recalculation of yield (t ha™) were carried out.

Process of preparation of alfalfa compost — Produced green biomass of the
first and third cutting of alfalfa and dried mass of plant residues after alfalfa
seed harvesting was used for composting. This mass is stored in the Power
Plant PP Mokrin. To accelerate the degradation process, the microbial preparation
Ecovital (2.01/ 10 t") was used. During the production, care measures were carried
out permanently: mixing, watering, and covering of the compost pile, and for their
timely implementation, measurements of temperature and humidity preservation.
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Scheme 1. The model of crop rotation with the participation of alfalfa on an organic farm
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The mixing was done on several occasions with loader, depending on the
state of the humidity of the compost pile, to ensure the access of a sufficient
amount of oxygen. Water was added as needed to maintain the humidity of the
compost heap at about 65%. After nine months, a mature compost was obtained,
which was measured during transport to calculate the yield (t ha™).

Methods of performed analyzes — After the plowing of alfalfa in autumn
2017, sampling was carried out in the spring next year to determine the basic
fertility parameters of the soil: total nitrogen and carbon (CNS Elemental
Analyzer Varian EL III), humus (calculation from organic carbon — CNS An-
alyzer), pH of the soil values (in H,O and KCI, potentiometric), and readily
available-accessed potassium (K,0) and phosphorus (P,0Os) by the Egner and
Riehm Al methods (Egner et al., 1960). Microelements in the compost are deter-
mined by extraction using aqua regia. Also, sampling and analyses were done
to determine the microbiological activity of the soil and compost.

The total number of microorganisms was determined by the plate count
method on the agarized soil extract, the number of fungi on the Chapek medium,
Actinomycetes on the medium according to Krasiljnikov, and oligonitrophiles
on the Fyodorov medium. The other two groups of microorganisms Ammonifiers
and Azotobacter spp. were determined by the most probable number (MPN)
method in the liquid medium with asparagines or mannitol, respectively (Saric,
1989; SRPS ISO 11465:2 002).

Soil respiration was determined by laboratory incubation with constant
temperature and moisture. The respired carbon dioxide was trapped in the
NaOH, and the remaining amount of OH ions was back-titrated with the solu-
tion of HCI. The amount of released CO, during the incubation period was
calculated (Horwath et al., 1996). The presence and the most probable number
(MPN) of bacterial species S. meliloti in the soil were determined by the indirect
method ,,plant infection count* (Vincent, 1970). The results were statistically
analyzed by the variance analysis method (ANOVA), and the level of difference
significance was tested with the LSD test, at the level P < 0.05 (COSTAT program).
To perform the analysis, benefits, costs, and variable costs were monitored.

RESULTS AND DISCUSSION

Production of biomass for composting, to produce sufficient quantity of
quality compost on the farm — Total yield of alfalfa green biomass in 2016 was
16.40 t ha! (Table 1), the weight of plant residues after threshing alfalfa seeds
was 2.40 t ha', and the amount of compost obtained was 9.76 t ha™. In the
second year of production (2017), the total yield of green biomass was 25.07 t
ha’!, the mass of plant residues after threshing of seed was 3.11 t ha!, and 12.46
tha™ of compost was obtained. The total quantity of compost produced in 2016
was 48.80 t, and in 2017 it was 62.30 t.
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Table 1. The yield of the biomass of alfalfa for composting and the amount of obtained
compost

The first and third cutting Second cutting
Green biomass Biomass of residuals after Amount of compost
(tha™) threshing seed (t ha™) (tha™) / total (t)
2016 16.4 2.40 9.76 / 48.80
2017 25.0 3.11 12.46/62.30

The average value of the C/N ratio of the produced alfalfa compost is 8.51
(Table 2). The ratio of C/N at the formation of the compost heap and start of the
aerobic process should be 40:1 optimally, and finally after ripening 10 (12): 1,
indicating somewhat lower efficiency of the produced compost in fertilizing, but
its excellent characteristics in terms of physical properties. Values: humidity,
pH, and EC are optimal. According to the measured content of total nitrogen
(5.04%), alfalfa compost is well supplied with nitrogen, and the content of
organic matter is 42.56%.

Table 2. Agrochemical properties of alfalfa compost

. . Content of readily
Mois- EC i pH Organic matter _ available
C/N ture mS/em” —; -
% g/l m mn C% N% (OrgC) P205 Kzo NH4 NO} NH4+N03
KCL H,O0 %  mg/l00g mg/100 g mg/kg mg/kg mg/kg
8.51 61.13 ;g; 6.61 733 38.04 504 42.56 1.40 4.11 46.7 14373 1484

The total microflora in the alfalfa compost was represented in a significant
number (65.22x10° microorganisms per gram of dry compost) (Table 3) indicat-
ing intense microbiological activity. The determined number of fungus
(98.44x104) indicates a high content of organic matter and optimal substrate
moisture, which confirms the good quality of the compost obtained. Also, the
number of Actinomycetes (2.43x10%) was significant. The presence of Azoto-
bacter as a fertility indicator confirms the good water-air properties of compost,
and the presence of amonifiers (7.97x10°) the significant presence of nitroge-
nous organic compounds. The content of heavy metals was within the bound-
aries of the MAC (Official Gazette of RS, No. 23/94) (Table 4).

Table 3. Number of microorganisms in alfalfa compost

Total number of Number of Number of Number of Number of
microorganisms fungi Actinomycetes Azotobacter amonifiers
(x10%) (x10% (x10%) (MPN)" (x10%)
Number of microorganisms/g in dry compost
5.22 98.44 2.44 25.00 7.97

" MPN — the most likely number from Mec Credy table.

76



Table 4. Content of microelements in alfalfa compost

As Cd Co Cr Cu Mn Ni Pb Zn Fe
mg/kg %
1.48 0.22 2.29 17.42 31.89 228.5 12.75 37 77.63 4.70

According to the recommendation of the Bundesgiitegemeinschaft Kom-
post eV. (2004), for the production of most arable crops, 10 to 15 t ha™ of compost
is applied during autumn fertilization. The amount of compost obtained by
modeling the crop rotation on the Mokrin estate (Table 1) is sufficient for about
20% of the area of the field, on an annual basis. Thus, every fourth year, they
were fertilized with about 10 t ha™ of compost, excluding the predicted 20% of
the area for establishing the alfalfa, so that the fertility of the soil is maintained
in a natural way.

Providing nitrogen for future crops in the crop rotation — Total N in the
soil after two years of planting alfalfa was 0.25% (Table 5), which is higher than
the control plot (0.22%). This clearly demonstrated the significant influence
of alfalfa on the provision of nitrogen in the soil. The obtained results confirm
a large number of S. meliloti (1.78x104 g absolutely dry soil) in the soil after
2 years of growing alfalfa, which is significantly higher than in the control soil
(2.00x10% g! absolutely dry soil). This confirms the well-known fact that alfalfa
as a host plant positively influences the number of S. meliloti (Deli¢ et al., 2016),
and thus the establishment of an ecological and economically significant process
of symbiotic nitrogen fixation (Deli¢, 2014).

Table 5. Chemical properties of soil after two years of cultivating alfalfa, on non-carbonate,
marsh dark soil

Parameters pH Humus Min. N Total P,0s5 K,0O
Treatment in KCL in H,O %o mg/kg N % mg/100 g mg/100 g
Alfalfa field 6.0 6.7 436 a 22.16 a 0.25a 1376 a 19.07 a
Control 6.1 7.3 3.59b 11.08 a 0.22b 15.16 a 20.66 a
LSD 0.05 0.730 14.26 ns 0.023 4.13 ns 2.23 ns

The mean values indicated by the same letter within one column do not differ significantly
(p < 0.05); ns — not statistically significant

Protecting and improving biodiversity by increasing the number of useful
microorganisms in the soil — After two years of alfalfa cultivation, the total
number of microorganisms (18.22x10° g”" absolutely dry soil) was higher than
the control plot (16.22x10° g absolutely dry soil) (Table 6). These results are
in correlation with the intensity of respiration, which was twice as high in the
soil on which alfalfa was grown. The number of fungi was also significantly
higher after the production of alfalfa (22.00x10* g') compared to the control
(12.22x10* g1, and their role in the synthesis of humus was confirmed, since
there was significantly more humus, after plowing the alfalfa field.
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Although the number of ammonifiers did not change significantly, the role
of alfalfa in increasing fertility of the soil indicates a significant number of
Azotobacter, which was eight times higher than in the control land. Alfalfa also
significantly influenced the increase in the number of bacteria S. meliloti
(178x10? g') compared to the control (2x10? g). Results of the total number of
microflora, ammonifiers, fungi, and Azotobacter sp. indicate a positive effect
of alfalfa on biodiversity and the activity of microorganisms in the soil.

Table 6. Microbiological properties of soil after two years of cultivating alfalfa on non-
-carbonate marsh dark soil

Parameters Total . Azotobacter Ammonificrs Sinorhi;ob{um Respiration
—— microflora (x10%/g) number (x10%) MPN* meliloti (mg COy/kg
Treatment (x10%g) & /g MPN (x10) MPN  of soil /7 days)
Alfalfa field 18.22a 22.00a  316.66a 3.16a 178 a 733.35a
Control 1622a 12.22b 4133 383a 2b 476.16 b
LSD 0.05 18.78 ns 9.41 200.24 2.62 ns 195 256.98

The mean values indicated by the same letter within one column do not differ signifi-
cantly (p <0.05); ns — not statistically significant; * MPN — the most likely number

Alfalfa seed — a product, interesting for the processing industry and the
market — Average annual level of alfalfa production in Serbia is 104,584.7
hectares (Stat. Year Book of Serbia, 2015), and as its production requires the
use of quality declared seed, the need for it on the market is large. On the
other hand, by cultivating alfalfa seed in primary production conditions, it is
possible to generate higher income per unit area (Karagi¢ et al., 2006). In the
first year the total yield of produced natural seed was 1.95 t (0.39 t ha'), and in
the second 3.15 t (0.63 t ha™). In the analyzed two-year period (2016 and 2017)
in the production of alfalfa seed together with compost production, a favorable
gross financial result was achieved (64,050.00 RSD ha™ in 2016 and 112,020.00
RSD ha in 2017) (Table 7). In other words, sufficient resources have been made
to cover fixed costs, and the achieved profitability ensures the sustainability of
the proposed technology.

The essence of the technical solution is in solving the issue of maintaining
the fertility of the soil on an organic farm without livestock production, modeling
and dimensioning of rotating the crops on five fields with the participation of
alfalfa. The yields of alfalfa can reach 52 t ha™ of green biomass, i.e. 12.6 t ha™ of
dry matter per year (Kati¢ et al., 2011). By implementing the proposed technical
solution a part of this biomass was used for the production of compost, to maintain
the fertility of the soil on the farm, and this is precisely the innovation because
alfalfa compost has not been produced in Serbia so far. To ensure economic
sustainability, the production of seeds of alfalfa was realized, with very good
economic indicators (Paji¢ and Markovic¢, 2016). In this sense, the first and
third cuttings were used to provide biomass for the production of compost, and
the second for the production of seeds.
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Table 7. Analytical calculation based on variable costs in the production of alfalfa seed
and alfalfa compost

e Year
Description
2016. 2017.
Production value (RSD/ha™")* 135,160.00 167,560.00
Quantity of natural seed (kg ha™) 390.00 630.00
Price of natural seed (RSD ha™) 324.00 252.00
Compost quantity (t ha™)™ 9.76 12.46
Incentives (RSD ha™) 8,800.00 8,800.00
Variable production costs (RSD ha™) 71,110.00 55,540.00
Basic material: 8,800.00 1,800.00
Seed 7,200.00 -
Microbiological preparation 1,500.00 1,800.00
Costs of work utilizing mechanization and operator™"": 54,310.00 45,740.00
Plowing 7,950.00 -
Seedbed tilling 2,570.00 -
Sowing 2,460.00 -
Smashing biomass with combines (x2) 13,140.00 13,140.00
Threshing of seed 10,360.00 10,360.00
Transport 8,330.00 12,740.00
Compost mixing with loader (x2) 9,500.00 9,500.00
Certification costs 8,000.00 8,000.00
Certification costs 8,000.00 8,000.00
Gross financial result (RSD ha™) 64,050.00 112,020.00

* Gross financial result (RSD ha™'). ™ The compost value was not assessed. ~~ Based on
the price list of the Cooperative Association of Vojvodina (2017)

According to this new technology, it is recommended that the exploitation
time of the alfalfa crop should be two years. This is an advantage for farmers
because, thanks to symbiotic nitrogen fixation, the entire surface in a crop
rotation can be provided with nitrogen more efficiently since the accumulation
of nitrogen by this process in the soil in later years of alfalfa crop decreases.
In this way, in crop rotation, alfalfa returns to the same field every fifth year
and in the middle of the period, organic fertilizer produced on the farm is ap-
plied. Thanks to the production of alfalfa seed economic viability is assured,
in addition to the maintenance of soil fertility in a sustainable and natural way.

CONCLUSION

The proposed new technology recommends the use of alfalfa for two years.
In that way, the cultivated soil could be sufficiently provided with nitrogen under
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proposed crop rotation, by symbiotic nitrogen fixation. In the five-year crop
rotation, alfalfa returns to the same field every five years, while in between the
soil receives nutrients from composted alfalfa. This technology is precisely the
innovation because such compost has not been produced in Serbia so far. The
quantity of alfalfa compost obtained by designing the crop rotation with alfalfa
on an organic farm in Mokrin is enough for about 20% of the arable land, on
an annual level, and with which every fourth year they fertilize it with about
10 t ha™! of compost. Results of the total number of microflora, ammonifiers,
fungus, and Azotobacter sp. indicate a positive effect of alfalfa on biodiversity
and the activity of microorganisms in the soil.

Thanks to the production of alfalfa seed that provides economic sustain-
ability, the proposed technology for maintaining soil fertility is done in a sus-
tainable and natural way.
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OZIPXKABAIGE IVIOAHOCTHU 3EMJBMILITA HA
OPIAHCKUM ®APMAMA MOAEJIMPABEM IVIOAOPEZIA
KOPHIIREWHEM JIVIIEPKE

Bnagas M. YTPEHOBUR', Bnagumup M. ®UITUIIOBUR?, Mymuna U. JIEJIUR',
Bepa M. TIOTIOBU'R?, Onusepa C. CTAJKOBU'h-CPBMTHOBUR',
Anera B. BYHTUR', T'opnana K. JO3ET?

"MHCTUTYT 3a 3eMJBHINTE,

Teomopa dpajzepa 7, beorpax 11000, Cpouja
2HCTUTYT 3a HpOydaBame JeKOBUTOT 6uiba ,,JIp Jocud MManunh”,
Taneyma Komrhymika 1,

Beorpan 11000, Cp6uja
3 VIHCTHTYT 32 PaTapcTBO M TIOBPTAPCTRO,

Maxkcuma I'opkor 30, Hosu Cax 21000, Cpouja
*Merarpen s yausepsutet, DakynTeT 3a 6H0hapMuUHT,
Mapiana Turta 39, bauka Tonosa 24300, Cpouja

PE3MME: ¥ opraHckoj mpou3BOIBH CE UCTHYE 3HAYa] CTOYAPCKE TIPOU3BOIE,
jep oHa 00e30elyje HeonxoiHe opraHcke MaTtepHje 3a oopalyeHo 3emspuinTe. MehyTum
y CpOuju ce oprancka croyapcka IIpOoU3BOJIE-a OJBHja KOJI CBEra 4eTpaeceT Nporu3Bohaya
LITO JJOBOAH Y MUTAHKE OAPKUBOCT OBOT CUCTEMA MOJBOIIPUBPEIHE TPOU3BOAKE. LI
TEXHUYKOT pelierba je 0P KaBambe MIIOJHOCTH 3eMJBUILITA HA OPraHCKOM I'a3IUHCTBY KOje
HEMa CTOYapCKy Mpou3BoJiby. McTpaxkuBame je cripoBesieHo Ha uMamy [111 ,,Mokpun”,
Ha NOBPLIMHY 07 25 ha, MoJenupameM U JUMEH3MOHUPabeM I1o1opena ca yuemhem
nynepke, Ha 0eckapOOHaTHO] puTCKOj npHUIK. Kako 6u ce 06e30eamaa ekoHOMCKa
OAP’KUBOCT OPraHU30BaHa je IPOU3BO/Iba CEMEHa JIyLIepKe, a CeTBa je 00aBJbeHa y jeceH
2015. roqune Ha 5 ha. 3enena 6rnomaca npsor u Tpeher oTkoca, Kao ¥ MpocyIieHa ono-
Maca rocie 6epoe ceMeHa, KOIIeHe Cy 1 CelKaHe KOMOajHOM 33 HUCKY CHJIaXKy H CKJIa-
JuITeHe y cuiio jame. [locre neBet Mecelu T0OHjeH je 3peo JTyLUEepKUH KOMIOCT, J100po
00e30ehen azotom (ykymnan a3ot 5,04%), opranckom marepujom (42,56%) 1 onTUMaTHIX
Bpennoctu: C/N, pH, Bmaxuoctu u EC.

HckopunrhaBame rynepke o1 1Be FOAMHE je MPENopydeHo BpeMe Yy OBOM UCTpa-
KuBamwy. TrMe ce 1ena MoBpIIMHA Y MI0A0CMEHH CUMOMOTCKOM a30TO(UKCaLlnjoM
Opxe 00e30ehyje azoToMm, nylepka ce Ha UCTY HHUBY Bpaha cBake mere rojuHe, a Ha
MIOJIOBUHU TOT MEpHoJa BUBa ce hyOopu KoMIocToM NIpou3BeieHUM Ha nMamy. Konu-
YUHA KOMIIOCTa J00HMjeHa MoJienpameM rmiojopena y Mokpuny (2016. rox. 48,80 t,
a 2017. rox. 62,30 t), moBoJbHA je 3a oko 20% IMOBpIINHA HHUBA, HA TOAHUIIHEEM HUBOY.
Tako ce oHe y MmIo0cMeHH, cBake 4 romune hy6pu ca 10 t ha' kommnocra. 3axBasbyjyhu
MIPOM3BO/IFbU CEMEHA ITyTiepKe, Koja 00e30eljyje eKOHOMCKY OJIp’KUBOCT, TPEIIIOKEHOM
TEXHOJIOTHjOM OJIPYKaBamhe IJIOHOCTH 3eMJBHIIITA pelllaBa ce Ha OJPXKHUB U IPUPOJIaH
HAYMH.

KJbYYHE PEUU: nynepka, KOMIIOCTHPAHE, OPraHCKa MPON3BOAA, MIIOJHOCT
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DOUGLAS FIR IMPACT ON THE DYNAMICS
AND COMPOSITION OF HUMUS IN THE SOIL OF
INDIGENOUS BEECH FOREST IN WESTERN SERBIA

ABSTRACT: This study investigates the impact of organic matter from Douglas fir
(Pseudotsuga menziesii [Mirb.] Franco) on the amount and composition of humus in acid
brown soil in a climatoregional beech forest (Fagetum moesiacae montanum B. Jov. 1967 s.1.)
on Mt. Maljen. To accomplish this objective, we performed a one-year litterbag decomposition
experiment with litterfall from Fagus moesiaca and Pseudotsuga menziesii. The quantitative
and qualitative content of humus and the intensity of the decomposition process of organic mat-
ter from beech and Douglas fir were analysed. Less humus was found during the experiment
under Douglas fir than under autochthonous beech at the control site, as well as a decreasing
trend for humus levels and quality (unfavourable chemical composition). It was concluded that
these changes, caused by the effects of the clearcutting of beech and, in the future, of Douglas
fir, and the slower decomposition of organic matter from Douglas fir will contribute to
further degradation of the beech habitat on Mt. Maljen in terms of productivity.

KEYWORDS: soil organic matter, Fagus moesiaca, Pseudotsuga menziesii plantation,
silviculture, humus content, humic and fulvic acids, litter decomposition, litterbag experiment

INTRODUCTION

Organic matter is of primary importance to the sustainability of long-term
site productivity in forest ecosystems (Prescott et al., 2000). However, it influ-
ences several critical soil functions and is affected by land management prac-
tices. Soil organic matter content is a function of organic matter inputs (residues
and roots — plant litter) and litter decomposition (Bot and Benites, 2005). Even
though these processes are related to moisture, temperature, acration and the
physical and chemical properties of the soils, as well as soil macrofauna activity,

* Corresponding author. E-mail: olgak@ibiss.bg.ac.rs
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leaching by water and humus stabilisation (organomineral complexes and
aggregates), the primary factor in these processes is the amount and quality of
litter from woody species. For this reason, tree species substitution affects the
quality and quantity of annual organic matter stock, as well as the decomposition
rate, and can thus have a considerable impact on the modification of the physical
and chemical characteristics of soil and on the processes in the soil (Pavlovi¢
et al., 1998; Albers et al., 2004; Moukoumi et al., 2006; Kosti¢ et al., 2012, 2016).
Hence, the amount of organic matter and its dynamics have become a focus of
research (Augusto et al., 2002; Moukoumi et al., 2006; Bonifacio et al., 2008;
Kosti¢ et al., 2012, 2016).

The decomposition of organic matter is essential for the short-term avail-
ability of nutrients for tree growth and long-term site fertility due to humus
formation (Prescott et al., 2000). Vegetation type is considered to be one of the
main parameters affecting differences in the decomposition process. It has
been established that litter from broadleaf forest species decomposes more
quickly and leads to mull humus formation, while coniferous species decompose
more slowly and form mor or moder humus (Binkley, 1995; Rovira and Vallejo,
2002; Pavlovi¢ et al., 1998a, b). This slower decomposition in coniferous forests
results in the accumulation of forest litter, and thus of nutrients in insoluble
forms (Vogt et al., 1986; Raulund-Rasmussen and Vejre, 1995). Over time, this
can reduce the supply of available nutrients to plants, having a negative impact
on habitat productivity thereby.

Humic acids are the most significant part of humus. They affect soil
structure, participate in the transfer of micronutrients from soil to plants, im-
prove water retention, increase seed germination and stimulate the development
of microflora populations in soil, respiration and photosynthesis (Nardi et al.,
2002; Chen et al., 2004; Velasco et al., 2004; Pena-Mendez et al., 2005). Humic
acids also decelerate the evaporation of water from soil. This is of particular
importance in soils containing only a low proportion of clay and sandy soils,
which do not have the capacity to retain water. Fulvic acids, which behave like
strong organic acids due to their acidity, act destructively on soil minerals. In
addition, these acids can cause soil podzolisation as they form complex com-
pounds with sesquioxides, which translocate from the surface layers of soil
and accumulate in the B horizon (Riise et al., 2000). For example, planting
spruce trees on acid brown soil intensifies the processes of podzolisation
(Nielsen et al., 1999).

Due to the ever-increasing needs of society for wood, large areas of Eu-
ropean broadleaf forests are being replaced by fast-growing coniferous cultures.
This is also true for Serbia, where the high number of coppice and degraded
forests meant the production potential of the habitat could not be exploited,
resulting in the mass introduction of coniferous species, especially in low and
degraded beech forests. Either translocated autochthonous species like Norway
spruce were used or allochthonous species like Douglas fir (Pseudotsuga menziesii
[Mirb.] Franco) (Kosti¢ et al., 2012, 2016) and Pinus strobus L. (Pavlovi¢ et al.,
1997; Pavlovi¢, 1992). Research has shown the impact of anthropogenic activities
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in forest ecosystems on the quantitative and qualitative dynamics of humus
(particularly humins, humic and fulvic acids) and the dynamics of organic
matter (Wollum Schubert, 1975; Piene and VanClave, 1978; Vesterdal et al.,
1995; Pavlovi¢ et al., 1997; Ussiri and Johnson, 2001; Kawahigashi and Sumida,
2006).

This study was part of wider ecological research aimed at investigating the
impact of conifer cultures on pedogenesis and soil properties in a climatoregional
zone of autochthonous montane beech forests. Alongside an experiment designed
to determine the decomposition process model of organic matter from beech
(Fagus moesiaca [Domin, Maly] Czeczott) and Douglas fir (Pseudotsuga menziesii
[Mirb.] Franco), the spatial and temporal dynamics of humus were observed
with the aim of establishing whether introducing allochthonous coniferous
species disturbed the balance between the processes of organic matter humi-
fication and mineralisation. Furthermore, on the basis of humus composition
and by monitoring the intensity of organic matter decomposition, the effect of
the stated anthropogenic activities on habitat productivity in a zone of beech
forest was analysed.

MATERIALS AND METHODS

Research was undertaken in the climatoregional belt of montane beech
forests (Fagetum moesiacae montanum B. Jov. 1967 s.1.) on Mt. Maljen (lat.
44°10° N; long. 20° 5° E), in the locality of Kaona (880 MASL). There were
silviculture activities undertaken here, whereas, after the clearcutting of beech
trees in 20 m-wide strips, plantations of Douglas fir (Pseudotsuga menziesii
[Mirb.] Franco) were established, with these strips alternating with the strips
of coppice forests of beech. The climatic conditions of this region are moderate
continental, which is characteristic for the mountainous zone of Central European
broadleaf forests (the mean annual temperature is 9.16 °C and mean annual
precipitation is 890 mm). The study area lying within the forty-year-old silvi-
cultural system of Douglas fir and the control area within the autochthonous
beech forest are characterised by the same ecological conditions, i.e. western
exposure, a 2—5 °slope, and the same soil types, formed on the same geological
substrate (diabase), (WRB, Cambisol, dystric 2006; Kosti¢ et al., 2016; Pavlovi¢
et al., 2017).

To determine the decomposition intensity of leaf litter from beech and
Douglas fir (6 and 12 months after the experiment started), a ‘litterbag approach’
was used. Fresh leaf litter (20 g), dried at 65 °C to a constant weight, was en-
closed in bags (20x20 cm) made of Imm nylon mesh. In October, ten bags were
randomly placed on the surface of the forest floor for each species. Five of the
bags (n=5) were collected from both areas in April and the remaining five in
October. In order to determine the weight of the organic matter after decom-
position, each bag was cleaned of soil and roots and dried to a constant weight
(at 65 °C). Samples of soil (n=5) were taken from under each of the litterbags,
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up to a depth of 5 cm, so as to determine the quantity of humus using the
Simakov modification of the Tyurin method (Belj¢ikova, 1975).

A qualitative analysis of humus, i.e. an analysis of the humic fractions of
the leaf litter after extraction of bitumen (Ponomareva and Plotnikova, 1975a)
and soil (Ponomareva and Plotnikova, 1975b), was conducted in soil profiles
opened at both study sites. The content of Fe,O; was determined using a com-
plexometric method (Skori¢ and Serti¢, 1963), while the content of R,0O; was
established using gravimetry. The Al,O; content, the R,O5:FK ratio and the
Al,0;5:Fe,03 ratio were calculated. Soil acidity in H,O was determined using
a potentiometer.

A prognosis for the decomposition of organic matter from beech and
Douglas fir was given based on Olson’s decomposition model and Olson’s
constant loss rate (Olson, 1963), using the formula:

M/My=e™

where M, is the initial mass of organic matter, M; is the mass of the organic
matter after (t) years of decomposition, and k is Olson’s constant loss rate after
12 months of decomposition. According to this decomposition model, half the
decomposition time is t;,=0.639k, and the time constant k=0.368 of 1/e. To
calculate the decomposition prognosis for 95% and 99% of the organic matter,
the coefficients 3/k and 5/k were used.

The quantitative distribution of humus, i.e. its spatial (between the study
sites) and temporal (during the experiment at each of the sites) distribution in
the surface layer of soil and the coefficients of loss, as well as the prognosis
for the decomposition of organic matter at the study sites were analysed using
one-way analyses of variance (ANOVA), and significant differences were con-
firmed using a t-test.

RESULTS AND DISCUSSION

A comparison of the amount of humus in the layer of topsoil at the study
sites at the beginning of the experiment revealed that the soil under the control
beech stand was richer in humus (16.2%) than that under the Douglas fir stand
(9.89%). This spatial trend was also true 6 (18.96% : 9.21%) and 12 months
(17.40% : 9.89%) after the experiment started (Figure 1). The lower levels of
humus in the topsoil from the Douglas fir stand are a result of the negative effects
of clearcutting as a land management practice in this area. Specifically, the
long period where the habitat was left open before the establishment of the
Douglas fir stand led to the mineralisation process of humus intensifying and
it being washed away (Pavlovi¢ et al., 1997; Ranger et al., 2008).
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Figure 1. Spatial analysis of the amount of humus in topsoil (0—5 cm)
(ANOVA, n=5; ***p<0.001)

In terms of time, the only significant increase in the amount of humus was
determined in topsoil at the beech stand 6 months into the experiment (Figure 2).
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Figure 2. Temporal analysis of the amount of humus (%) in topsoil (0—5 cm)
(ANOVA, n=5; ***p<0.001, *p<0.05, ns — not significant; a — 0 months/6 months;
b — 0 months/12 months; ¢ — 6 months/12 months)
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During the decomposition of organic matter in soil, two processes occur
simultaneously — the processes of humification and mineralisation of organic
matter (Guggenberger, 2005; Cirié, 1984). In the early stages of organic matter
decomposition, humification is the dominant process, which explains the in-
crease in the amount of humus 6 months into the experiment at the beech stand.
In the later stages, the process of humification slowed down, i.e. the domination
of organic matter mineralisation, which occurred during the second phase of
the experiment from the 6 to 120 month, resulted in a decrease in the amount
of humus in the topsoil (at a depth of 0—5 cm) at the beech stand. Even so, the
lack of any difference in the amount of humus in the soil at the beech stand at
the beginning and end of the experiment shows that the processes of organic
matter humification and mineralisation are in dynamic equilibrium, which is
characteristic of stable ecosystems (C1r1c 1984; Swift et al., 1979; Pavlovi¢ et al.,
1998). The lower humus content in the tops011 under the Douglas fir stand
after 12 months (Figure 2) indicates a continuing trend of depletion due to the
clearcutting of already partially degraded habitats of beech subject to silviculture
activities. Previous research showed that Douglas fir, as a fast-growing species,
leads to the depletion of nutrients in soil, as indicated by the negative input-output
budget of elements such as C, N, P, S, K, Ca and Mg (Marques et al., 1997;
Ranger et al., 1997, 2002; Martinik, 2003; Kosti¢ et al., 2016). These differences
are more noticeable in young stands, particularly during periods of dormancy
and are more pronounced as the time period between two rotations is shortened.
Bearing in mind the fact that maintaining nutrient reserves at a level charac-
teristic for each, individual ecosystem is a fundamental prerequisite for the
stability of the ecosystem in question, disturbing the balance in their dynamics
through reducing the amount of humus can have a negative impact on habitat
productivity (Pavlovi¢ et al., 1997; Ranger et al., 1997; Kosti¢ et al., 2016).

A morphological analysis of the soil profile and a qualitative analysis of
the humus at the control site in the beech stand revealed the formation of mul-
moder type humus, while the presence of an Oh horizon at the Douglas fir
stand indicated that the planting of conifers at the beech habitat has resulted in
the inhibition of the coupling of organic and mineral components in soil, i.e. the
occurrence of moder-type humus (Table 1). Qualitative changes in humus were
detected in terms of lower pH values in the soil under the Douglas fir stand
(Table 2). The acidification of soil under conifer cultures, most marked in the
surface layer, is the result of the impact of litter quality and the transformation
of organic matter from conifers, which evolves in the direction of acidic humic
substances (Kosti¢ et al., 2012; Podrazsky et al., 2009; Kosti¢ et al., 2016).
Although humus composition in both areas revealed a trend characteristic of
acid brown soils, i.e. a ratio of humic (Ch) to fulvic (Cf) acids of less than one,
which narrows with depth in the soil profile (Avdalovi¢, 1971), the values of this
ratio were higher at the control site under beech than within the Douglas fir stand.
In terms of humic acids, fraction 1 was most present, with its highest content in
the humus-accumulative horizon (18.32-20.14%) at both study communities, and
the dominant proportion at the beech stand (Table 1). As for fulvic acids (Cf),
fraction 1, which is bound with mobile R,0; and humic acids of fraction 1, was
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Table 1. Group and fractional composition of humus in soil and litter under beech and
Douglas fir

i i i i Total
Plot Hor. D;‘:I‘h T"é“' Humic acid Fulvicacid acids Humin Ch: Cf
1 2 sum la 1 2 sum gum
o, 0-4 734 44 015 45 048 490 035 ST 1032 2122 080
em 10000 1183 040 1223 128 13.05 093 1527 2749 7251
49 1040 202 000 202 044 205 017 266 468 ST2 06
3 em 10000 1942 000 1942 423 1971 160 2554 4496 5504
g L 41319 730 147 000 147 036 1S3 007 19 343 387 075
= em 10000 2014 000 2014 493 2096 096 2685 4699 5301
E (g 1950 202 034 000 034 020 029 010 059 0% 109 038
em 10000 1683 000 1683 990 1436 495 2921 4604 53.96
@ S0 0L 009 000 009 008 009 007 024 033 048 038
em 10000 111 000 1L11 988 I1L11 864 2963 4074 59.26
o, 012 617 321 000 327 050 467 000 517 844 2173 063
em 10000 904 000 904 138 1291 000 1429 2333 7667
o, 122 1453 218 000 218 038 314 000 352 50 883 06
= " em 10000 1500 0.00 1500 262 2161 000 2423 3923 6077
p L 28 535 098 000 098 039 LIS 0I5 169 267 268 058
E em 10000 1832 000 1832 729 21.50 2.80 3159 4991 50.09
| 850 090 015 000 015 012 020 000 032 047 043 047
B em 10000 1667 000 1667 1333 2222 000 3556 5223 4777
(g S0-103 039 006 000 006 005 008 000 013 019 020 046
em 10000 1538 000 1538 1282 2051 0.00 3333 4871 51.29

Table 2. Composition of 0.1 M H,SO, extract from samples of soil under beech and

Douglas fir
Fulvic
Plot Horiz. D:rl:lth ]1;2% ) acid R(f/?3 Fe0203 A},Z?’ R,0;: FK ?:1622003; F}ere(],i)l[l:;:
a (Cx2)
= Orr 0-4 cm 5.06 1.02 020 015 0.05 0.20 0.33
*E A 4-9 cm 4.86 0.88 1.30 042 088 1.48 2.10
é A 4-13/19 cm  4.79 0.72 1.29 047 0.82 1.79 1.74
g (B) 13/19-50 cm 5.27 0.40 .19 037 0.82 2.98 2.22 0.79
M (B) 50-70cm  5.54 0.16 0.86 028 0.58 5.38 2.07 0.60
O 0-12cm 495 1.00 048 028 0.20 0.48 0.70
55 Oy 12-2cm  4.60 0.76 1.58 048 110 2.07 2.28
:—:D A 2-8 cm 4.55 0.78 217 040 1.77 2.78 443
E (B) 8-50 cm 5.15 0.24 144 039 1.05 6.00 2.69 0.98
(B) 50-103 cm  5.36 0.10 .34 033 101 13.40 3.06 0.83
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the most present. There was no regularity in its increase or decrease through
the profile, as already concluded by several authors (Avdalovi¢, 1971; Pavlovic,
1992, 1998; Pavlovi¢ et al., 1997; Kosti¢, 2007). The proportion of fraction 1 of
the fulvic acids was higher at the Douglas fir stand through the whole depth of
the profile, apart from in the litter horizon. This difference was most pronounced
in the cambic horizon, where it amounted to 20.51-22.22 % at the Douglas fir
stand, while at the control area of beech it was 11.11-14.36% (Table 1). This frac-
tion was higher than the content of the aggressive fraction la throughout almost
the whole profile, while its increase with depth was more marked in the soil
under Douglas fir than under beech (13.33% : 9.90%; 12.82 : 9.88 in the cambic
horizon, Table 1). As expected, the highest content of insoluble residue, due to
the highest content of resistant material of lignin, was found in the litter horizon
at both study sites. The proportion of humins in the humus was higher under
Douglas fir than under the control beech (76.67% : 72.51%; Table 1). On the
basis of these results, it can be seen that the humus matter formed in the soil
under Douglas fir has a less favourable chemical composition than that at the
control site in the autochthonous beech stand, which is reflected in the greater
proportion of insoluble residue in humus, a lower proportion of humic acids, a
higher proportion of fulvic acids and fraction la in the soil horizons, and a nar-
rower Ch:Cf ratio at the Douglas fir stand. Specifically, soils which develop
under coniferous vegetation are richer in fulvic acids than those formed under
broadleaf vegetation (McKeague et al., 1986; Stefanovi¢ and Pavlovi¢, 1991;
Pavlovi¢ et al., 1997). An analysis of the parameters of the composition of soil
extract in 0.1M H,SO, revealed a dynamic that is characteristic of Dystric Cam-
bisol (Table 2), i.e. there was not found a translocation of fulvic acid 1a and the
organomineral complex of iron from the surface layers into the lower parts of
the profile (Avdalovi¢, 1971). This can be explained by the fact that the level of
sesquioxides was enough to bind the aggressive fraction of fulvic acid la to the
organomineral complex of iron and accumulate it from the very surface of the
profile. This was supported by both the ratio of R,0; to fulvic acid 1a, which was
always higher than one, and also the Fe (B) hor./FeAhor. ratio, which was less than
one. As far as aluminium is concerned, its migration was noted only in the area
of the Douglas fir stand, and only within the humus-accumulative horizon.

Through an analysis of litter decomposition intensity, it was determined that
beech organic matter decomposed more quickly than that from Douglas fir during
the whole experiment (Figures 3 and 4). The greatest difference in decomposition
intensity was found 6 months after the start of the experiment (p < 0.001) (Figure 3).

At this point, beech organic matter was 18.2% decomposed, while that
from Douglas fir was 9.48% decomposed; however, after a year, the ratio was
32.76% : 24.98%. The slower decomposition of conifer litter is a result of the
lower concentrations of nutrients and higher levels of lignin and polyphenols in
coniferous organic matter, and of the specific microclimate (lower light intensity
and lower moisture content) characteristic for coniferous ecosystems (Millar,
1974; Flanagan and VanCleve, 1983; Pavlovi¢, 1992; Mudrik et al., 1994; Cor-
nelissen, 1996; Pavlovi¢, 1998; Prescott et al., 2000, 2004; Kosti¢ et al., 2003;
Pavlovi¢ et al., 2003; Kosti¢, 2007; Kosti¢ et al., 2016).
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Figure 3. Decomposition intensity of organic matter from beech and Douglas fir
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Figure 4. Analysis of the decomposition constants (k1/2 and k) and the prognosis con-

stants (3/k and 5/k) for organic matter from beech and Douglas fir (ANOVA, n=5;

**%p<0.001, *p<0.05) (Kosti¢ et al., 2016).
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A prognosis of the decomposition intensity of the organic matter from the
studied species based on Olson’s decomposition model suggested that 95% of
organic matter from beech will decompose after 7.6 years and from Douglas
fir after 10.8 years, while for 99% decomposition, 12.7 years will be necessary
for beech organic matter and almost 18 years, i.e. an additional 5 years, for
Douglas fir organic matter (Figure 4).

CONCLUSION

On the basis of the results of this study, it can be concluded that there is a
difference in the amount and composition of humus in the soil of the examined
ecosystems, as well as in the decomposition intensity of the organic matter of
the edificators. The results of the spatial and temporal analysis of soil humus
levels lead us to the conclusion that the clearcutting of beech and the organic
matter from Douglas fir have contributed to a reduction in the amount of humus
in beech forests on Mt. Maljen. A qualitative analysis of humus indicates that
the chemical composition of the humus substances that form in the soil under
Douglas fir is unfavourable compared to that under beech, which may in the
future lead to the destruction of acid brown soil through further acidification
and a reduction in its productivity. Specifically, the slower decomposition of
Douglas fir organic matter and its more modest requirements for nutrients
compared to beech will mean a significant amount of nutrients will be excluded
from the cycling process for a lengthy period of time. In this way, the processes
of beech habitat degradation, which began with the clearcutting of beech trees
and the removal of large amounts of beech organic matter, will continue and
will probably culminate after the cutting of the Douglas fir.
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YTULIAJ AYTIIA3SUIE HA JJIUHAMUKY 11 CACTAB XYMVYCA
YV 3EMJBUIITY AYTOXTOHE IIYME BYKBE V 3AITAJTHOJ CPBJU

Onra A. KOCTHUR, Mupociasa M. MUTPOBUR, I1asxe XK. [TABJIOBUH

Yuusep3utet y beorpany,

WHucTuTyT 011 3Hauaja 3a Penyonuky Cpoujy
WHcTuTyT 3a OMoIONIKa HCTpaXkuBamba ,,CHHHIIA CrankoBuh”,
Onesbeme eKoloruje
Bynesap necriota Credana 142, beorpan 11060, Cpouja

PE3BUME: V pany je ucTpaxuBaH yTHIA] OPTaHCKE MaTepHje Jyria3uje
(Pseudotsuga menziesii [Mirb.] Franco) Ha KoTU4nHY 1 cacTaB XyMyca KUcesor cmeher
3eMJbUIITA KJIIMMaperuoHaine Oykose myme (Fagetum moesiacae montanum B. Jov.
1967 s.l.) Ha MaJsbeny. 3a mocTH3ame HaBEICHOT [MJba 00ABJbEH j€ jeTHOTOIUIILH i1
situ ekcriepuMeHT, kopuithemeM “litter bag” meToze/TexHuke ca cresboM OykBe (Fagus
moesiaca) v pyrinasuje (Pseudotsuga menziesii). AHaJIN3UPAH je KBAHTUTATHBAH U
KBAJIMTATHBAH CaJIPKaj XyMyca i HHTE3UTET IIpoLieca pasjaramba OpraHcke MaTepuje
OykBe U IyTia3uje. YTBpheHa je Huxka KOJIMYMHa XyMyca, YOU€eH je TPEH CMambHUBamba
KOJIMYHMHE XyMyCca TOKOM HCTPaXKHBakba U OMaamhe KBATUTETa XyMyca (HeTOBOJbHU]H
XEMHJCKH CacTaB) y KYJITypPH JyIiiasuje y OAHOCY Ha KOHTPOIIHY NOBPLIKHY O] dy TOX-
TOHOM OyKkBOM. 3aKJby4eHO je 1a he oBe poMeHe, n3a3BaHe e(peKTHMa YHCTe ceue OyKBe
u 'y OyayhHocTn Ayriasuje, u yCIOpeHO pasjiarambe OpraHcke Marepuje Ayriasuje,
JONPHUHETH JaJb0j Jerpajanuji OyKOBOT CTAaHUIITA Y MOTJIENY TPOAYKTHBHOCTH Ha
IUIAaHUHU MaJbeH.

KJbYUHE PEUU: Hapymienu ekocuctemu, Fagus moesiaca, Pseudotsuga menziesii
CHJIBUKYJTYpa, XyMYC, XyMHUHCKe U (DyJIBO KHCETHHE, pas3ilarame CTeJbe
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EVALUATION OF TRACE ELEMENTS MPC
IN AGRICULTURAL SOIL USING
ORGANIC MATTER AND CLAY CONTENT

ABSTRACT: The aim of this paper is to investigate the contribution of the influence
of organic matter and clay content on the value of maximum permissible concentrations
(MPC) of trace elements Pb, Ni, Cr, and Cd. The investigation was conducted on agricul-
tural soil in the territory of Veliko Gradiste Municipality. There were analyzed 82 samples
of eutric cambisol type soil, 17 samples of chernozem soil, and 32 samples of sandy soil.
In the composite soil samples, taken from a depth of 0-30 cm, main parameters of soil
fertility (pH, P,0s, K,0, CaCO;, soil organic matter — SOM), the content of the clay frac-
tion, and total forms of Pb, Ni, Cr, and Cd were determined. Interpretation of the obtained
results was carried out in relation to the MPC of trace elements defined in the Regulations
(Official Gazette, 88/2018). Based on the ratio of the defined MPC and corrected values
whose calculation includes the values of the organic matter and clay content, there was
determined the correlation concerning the content of organic matter and the content of
clay fractions, respectively, in the tested samples. In addition, the content of Cr and Pb in
tested types of soil still did not exceed the adjusted MPC value. As for Cd and Ni, there
was no deviation from the established and modified values of MPC. Concludingly, the
research should be continued and supplemented by data for other types of soils, which
would represent a base for a further assessment of the applicability of the existing regulations
taken from Dutch sources and incorporated into Serbian Regulations (Official Gazette,
88/2018).

KEYWORDS: soil, trace elements, maximum permissible concentration (MPC), soil
organic matter (SOM), clay
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INTRODUCTION

It is generally recognized that the climate, especially air temperature and
precipitation, presents the most important factor which regulates the level of
organic matter in the soil (Alvarez and Lavado, 1998). The study of Lemenih and
Itanna (2004) indicates that the content of soil organic matter increases with
the amount of precipitation and decreases with the increases in temperature.

In similar climatic conditions, the organic matter content in the soils of
fine texture (clayey soils) is two to four times higher than in the rough texture
(sandy) soils (Prasad and Power, 1997). Clayey soils accumulate organic carbon
rather quickly, while the sandy soils cannot accumulate it even after 100 years
of a high input of organic matter (Freibauer et al., 2004).

Soil organic matter (SOM) is a complex matter system and is of great
importance for all processes that occur in the soil, as the nutrients are accu-
mulated within it. It is a source of fertility, contributing to soil aeration in a way
that it reduces the soil density, improves the infiltration of the soil, and increases
its water and air capacity (Vidojevi¢, 2016). SOM content is of vital importance
for the functioning of the ecosystem and has an important effect on the soil
structure, the capacity for water retention in the soil, the capacity for the ex-
change of the cation, and the ability of the soil to form complexes with metal
ions, as well as to keep the nutrients (Van Keulen, 2001).

The organic matter in soil affects not only the color of soil, its physical
properties, and adsorption capacity of the mineral soils cations, but also the
supply of plant accessible nutrients through the expressed exchange of nutrients
and release of N, P, and S from organic forms, the extraction of elements from
soil minerals, etc. (Miljkovi¢, 1996).

Soil can be structural and non-structural. The structural aggregates are
formed by joint action of a number of factors which may be classified into five
groups: soil, air, biological factors, anthropogenic factors, and time (Dugali¢ and
Gaji¢, 2012).

In sandy soils or sands, the mechanical elements are generally not inter-
connected. Loam and clay soils can be structural, non-structural, or slightly
structural. In general, at elevated content of the clay particles, the content of
organic carbon in the soil tends to be higher. The reason for this is the connection
between the surface of the clay particles and organic matter which inhibits the
degradation process. Soils with higher clay content have a greater potential for
the formation of aggregates.

Sandy soils typically contain less organic matter than the soils with a more
delicate texture, loam or clay (Van-Camp et al., 2004). This is because, generally,
low moisture content and high aeration in sandy soils result in faster oxidation
of the organic matter in comparison with heavier soils.

The level of organic carbon in the soil is closely related to the soil structure
and is one of the major factors of aggregation (Bronick and Lal, 2005). Like-
wise, the content of organic matter plays an important role in soil aggregation.
This primarily refers to freshly formed and multivalent cation-saturated humic
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and ulmic acids that, after the coagulation, bind particles of the mechanical
fractions of clay, silt, and sand in stable structural units. Aggregate stability
and preservation of the organic carbon levels in the soil depend greatly on the
soil texture. The effect of soil organic carbon on the soil structural stability is
enhanced in soils containing a low percentage of the clay fraction (Wuddivira
and Camps-Roach, 2007).

The content of organic matter and clay fractions, as well as soil pH, affects
the mobility of trace elements. In soils of pH range from 5.50 to 8.00 chromium
(Cr) is nearly insoluble, and the solubility of cadmium (Cd) decreases with the
increased pH values so that pH values above 7.50 lead to its immobilization
(Kabata Pendias, 2011). In soils with pH values from 3.80 to 7.1 Cd is less
mobile than nickel (Ni) (Adriano, 2001).

High concentrations of trace elements in the soil can affect the soil’s
fertility and may represent an ecological and human health risk if they enter
the food chain or leach into receiving waters (Daskalopoulou et al., 2014).

Contamination by trace elements is a potential risk to the crops, animals,
and humans because of their toxicity, persistence, bioaccumulation and bio-
magnification in the food chain (Rao et al., 2011). By incorporating the influ-
ence of organic matter content and clay fraction into the MPC (maximum
permissible concentrations) calculation, the potential danger of determined
trace elements content for the environment is more realistically considered.
This concept was taken from the Netherlands (MvV, 2000).

The main difference between the two existing regulations of the Republic
of Serbia (23/1994 and 88/2018) classification 23/94 and 88/2018 is in the re-
ported values of certain trace elements. Also, for the interpretation of whether
a trace element is below or above the MPC at a given location, the modified
limit values are used according to Regulation 88/2018, which presents the
result of the content of clay fraction and organic matter influence.

Based on the data obtained in a previous study (Institute of Soil Science,
2014), this study aimed to determine the influence of the organic matter and
clay content in the soil and evaluate the established maximum permissible
concentrations of trace elements (Official Gazette RS, 23/1994) following the
Regulation (Official Gazette RS, 88/2018).

MATERIALS AND METHODS

The Municipality of Veliko Gradiste is located in the northeastern part
of Serbia, in the foothills of the Carpathians and Homolje mountains, at the
entrance to the Perdap Gorge (Iron Gate). In the west, it borders with the
Municipality of Malo Crnice, in the southeast with the Municipality of Kucevo,
and in the east with the Municipality of Golubac (X: 534771, Y: 4948075). In
the north, the municipality is bordered by the Danube that separates it from
neighboring Romania in a length of 20 km. The municipality belongs to Bra-
ni¢evo district and covers an area of 344 km?.
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The study territory belongs to the area of moderate continental climate
with clearly derived seasons and almost no difference in the characteristics
between the lower and higher terrains (Stanojkovi¢-Sebi¢ et al., 2015).

In the area of study and according to the sampled soil distribution (Figure
1), the most represented soil type was eutric cambisol — brown forest soil, which
is primarily the result of the favorable climate, the substrate on which the soil
is formed, and the influence of the relief and vegetation present at its creation.
This type is mainly formed on Miocene sediments of the lighter mechanical
composition, or loess and old alluvial deposits. After the composition, it is
slightly heavier loam, plastic and sticky.

The production value of eutric cambisol is high because this soil is among
the very deep soil types of neutral and weakly acidic reaction. It has good
physical properties when it was formed on the loess and has medium content
of nutrient elements, except the available phosphorus.

& Sampling locations

- — — T
0= 2 4 L] 12 ]

Figure 1. The position of soil samples

In the study area, chernozem soil occurs on smaller areas, on the loess
deposits, and the contact zone of loess and sand. Particle size distribution varies
from loam to sandy clay loam. The usual chemical analyses show that the cher-
nozem is calcareous throughout the whole depth and that the share of carbonates
increases with the depth, although an acid reaction can occur in leached cher-
nozem. The soil reaction is usually slightly alkaline with adsorptive complex
highly saturated with cations, mainly calcium. The share of humus is over 3%,
while the share of available phosphorus and potassium varies from plot to plot.
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A significant area of study is occupied by sandy soils, as follows: Aeolian
quicksand, loess sand, and brown sand. Production value of sandy soils is
generally low, but it can vary depending on the involvement of pedogenetic
processes that go towards the creation of brown steppe soils and shallow cher-
nozem on the sand. Soil profiles on sands are distinguished by the surface parts
color and the share of humus in them. Substantially, their soil reaction in surface
layers is neutral or slightly alkaline.

Composite random sampling (15-20 single samples) of an agricultural
soil was carried out at pre-defined locations (Figure 1), from the depth of 0—30 cm.
There were analyzed 82 samples of eutric cambisol soil, 17 samples of cher-
nozem soil, and 32 samples of sandy soil. The soil typology was taken from
the pedological map published in a previous study (Institute of Soil Science,
1975; WRB, 2015).

A total number of 131 composite soil samples were prepared for analyses
in accordance with SRPS ISO 11464: 2004 — Pretreatment of samples for phys-
ical-chemical analyses, and sieved through a sieve of 2 mm in diameter. Soil
acidity (pH in 1M KClI, v/v-soil: 1M KCI = 1:5) was analyzed potentiometrically,
using glass electrode (SRPS ISO 10390, 2007); available phosphorus (P,0s)
was analyzed spectrophotometrically, and available potassium (K,O) by flame
emission photometry, using AL-method according to Egner-Riehm (Riehm,
1958); calcium carbonate (CaCOs) was determined using the volumetric method
(SRPS ISO 10693: 2005); SOM (soil organic matter) was calculated using the
following formula: SOM content (%) = total organic C (%) x factor 1.724
(Dzamic et al., 1996), using the total C content obtained on elemental CNS ana-
lyzer Vario EL III (Nelson and Sommers, 1996) and carbonate content.

The granulometric composition was analyzed by determination of particle
size distribution in mineral soil material, using the standardized method by
sieving and sedimentation (ISO 11277: 2009(E), 2009).

Determination of the total trace elements forms (Pb, Ni, Cr, and Cd) was
done by inductively coupled plasma-atomic emission spectrometry — THERMO
1CAP 6300 Duo (radial/axial view versions) ICP-OES, after the digestion of
the samples with aqua regia (ISO 11466:1995, 1995; ISO 22036:2008, 2008).

Reference soil NCS ZC 73005, Soil Certificate of Certified Reference
Materials approved by China National Analysis Center Beijing China, and reagent
blanks were used as the quality assurance and quality control (QA/QC) samples
during the analysis.

The results of the conducted soil analysis represent the arithmetic means
of three replicates of each sampling. Statistical methods that were applied in the
data processing were descriptive statistics and correlation, using the statistical
program SPSS 18.0.

The interpretation of the content of trace elements in the soil samples was
done using the Rule book of permissible concentrations of dangerous and
hazardous materials in soil and water for irrigation and methods for analysis,
in which MPC for the analyzed trace elements are as follows: Cd = 3 mg kg,
Cr=100 mg kg, Ni = 50 mg kg!, Pb = 100 mg kg (Official Gazette of RS,
23/1994).
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These values were used in the formula for calculating the limit and re-
mediation values defined in the Regulation on the program of systematic
monitoring of soil quality via indicators for the assessment of soil degradation
risk and methodology for the creation of remediation programs (Official Gazette
of RS, 88/2018).

RESULTS AND DISCUSSION

The results of the present study showed that the soil reaction of chernozem
ranged from highly acidic (in one sample of leached chernozem) to alkaline
(pH in 1 M KCI was 4.00-7.35), of sands ranged from acidic to alkaline (pH
in 1 M KCl was 5.10-7.65), and of eutric cambisol from highly acidic to neutral
(pH in 1 M KCI was 3.60-7.05). According to the carbonate content, the cher-
nozem soil samples were in the range of non-calcareous to slightly calcareous
(below detection limit of the method, BDLM—-2.94%)); sands soil samples were
in the range of non-calcareous to medium carbonate (BDLM—-9.33%), and
eutric cambisol soil samples ranged from non-calcareous to slightly calcareous
(BDLM-1.91%). The content of organic matter in the chernozem (2.69—-4.75%),
sands (1.38—4.33%), and eutric cambisol (2.09-5.06%) soil samples were in the
range of medium to high.

Table 1. Main chemical parameters of the tested soils and the clay fraction content

Clay fraction

sailope pieer ke B oo
% % mg 100 g" mg 100 g %
Min 400 BDLM 2.69 2.14 15.98 23.60
Max 735 294 475 37.05 38.65 33.20
Chernozem Average 592 0.60 3.68 8.18 20.81 29.84
STDEV 111 105 0.62 7.95 5.45 2.41
cv 064 061 108 4.59 3.15 4.17
Min 510 BDLM 138 2.32 8.94 6.20
Max 7.65 933 433 85.89 38.65 46.10
Sand Average 6.63 127 275 17.49 17.94 20.12
STDEV 077 205  0.65 17.41 778 10.13
cv 0.44 118 113 10.05 4.49 17.55
Min 360 BDLM 2.09 0.55 9.33 14.20
' Max 7.05 191 506  78.48 38.65 47.60
f;gt‘)‘i’sol Average 467 003 279 752 18.86 29.92
STDEV 067 022 050 12.78 6.16 437
cv 039 013 087 7.38 3.56 29.92

SOM - soil organic matter; BDLM — below the detection limit of the method (0.04%)
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The determined content of available phosphorus in all tested soils was in
the range from very low to very high, as follows: 2.14-37.05 mg 100 g in
chernozem, 2.32-85.89 mg 100 g in sands, and 0.55-78.48 mg 100 g in eutric
cambisol. The content of available potassium was in the range of medium to high
in chernozem (15.98-38.65 mg 100g™) and sands (8.94-38.65 mg 100 g!), and
within the levels of a very low to a high value in eutric cambisol (9.33-38.65 mg
100 g) (Table 1).

All these obtained data on the main parameters of soil fertility are in accord-
ance with the ones obtained in a previous study (Institute of Soil Science, 1975).

By analyzing the content of total trace elements in soil samples (Figure
2), the content of Pb, Cr, and Cd in all samples of all three types of soil was
below the maximum permissible concentrations (Official Gazette of RS,
23/1994). Ni content in chernozem and eutric cambisol was also below the
MPC, while in the sandy soils the content of this element exceeded the MPC
at four localities.

Average values of the trace elements
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Figure 2. The levels of analyzed total forms of trace elements

For adjusted established MPC (Official Gazette RS 23, 1994) it was applied
the equation defined by Official Gazette RS 88 (2018):

A + (B x % clay) + (C x % SOM)
A+ (B x25)+(C x 10)

(SW, IW), = (SW, IW), x

By applying the defined equation below, where (SW, IW), is corrected
threshold or remediation value for a particular soil, and (SW, IW) y is threshold
or remediation value from the table of Official Gazette of RS (88/2018), which
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determines the corrected MPC value, it was found that in all soil samples of
chernozem the Cd content was below the defined limit value (0.8 mg/kg of dry
matter); the Cd content in sandy soils was above the limit values in two samples,
while in eutric cambisol the content of this element was above the limit values
in even 25 samples.

In the equation, A, B, and C represent the constants dependent on the type
of trace element.

The Ni content in chernozem and eutric cambisol was below the limit
values (35 mg/kg of dry matter), while in sandy soils from five sites the content
of this element exceeded the limit value.

By applying the regulative 88/2018 (Official Gazette of RS, 88/2018) and
the related correction formula, and by replacing the limit values from that
regulative with the limit values from regulative 23/1994 (Official Gazette of RS,
23/1994) new modified limit values were obtained. By analyzing the content
of trace elements from given locations with newly modified values, no values
were found that were above the modified limit values.

The number of samples in which the corrected MPC value for Cd was found
increased by one in eutric cambisol, and in sandy soils by two. The Ni content
above the corrected MPC was higher in sandy soils only at three localities.

The value of the content of organic matter and clay fractions in a ratio of 1:3
affects the mobility of Cd to a negligible extent. The mobility of Cr and Ni was
not affected by the content of organic matter in the soil, while the mobility of
Pb was equally affected by the content of clay and organic matter (MvV, 2000).

It was also determined the determination coefficient of the relationship
between the adjusted MPC value for each element and each soil type and the
MPC value defined in Official Gazette of Republic of Serbia (Official Gazette
of RS, 23/1994) and the content of organic matter and clay fractions, respec-
tively (Tables 2 and 3). The results show a better relationship for clay than
SOM. This should be first noted and then discussed.

Table 2. Relationship between the adjusted and unadjusted value of trace elements and
organic matter content

Average content of trace elements + standard deviation (mg kg™!) — R?( the correlation coefficient)

Soil t
orype Ni Pb Cr cd
31.45+1.72 12.18+0.80 27.63+1.98 0.54+0.03
Chernozem y=0.0139x +3.4848 y=0.0788x +3.815 y=0.0199x +3.4848  y=0.146x+5.517
R2=10.0239 R?=10.1483 R2=10.0239 R2=0.4687
Eutri 29.74+3.10 13.52+1.51 27724477 0.67+0.17
utric
cambisol Y= 0-0182x+2.5393 y=0.0497x+2.9287 y=0.026x+25393 y=0.0719x +3.8651
R2=0.2046 R*=10.2881 R2 =0.2046 R2 = 0.4443
34.55+19.13 12.5349.65 27.52+12.99 0.48+0.16
Sand  y=00169x +2.9889 y=0.0404x+3.33 y=0.0241x+2.9889 y=0.0512x +3.9686
R2=0.5644 R?=0.6041 R2=10.5644 R2=10.6715
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Table 3. Relationship between the adjusted and unadjusted value of trace elements and
the clay fraction content

Average content of trace elements + standard deviation (mg kg') — R?

Soil type (the correlation coefficient)
Ni Pb Cr Cd
31.45+1.72 12.18+0.80 27.63+1.98 0.54+0.03
Chernozem y=035x+25 y=07712x+31.185 y=05x+25 y=0.6834x +38.449
R2=1 R?=0.9434 R*=1 R?>=0.6822
Eutri 29.744+3.10 13.52+1.51 27.72+4.77 0.67+0.17
utric
cambisol Y= 035x+25 y=0.8003x +32.071 y=0.5x+25 y=0.9058x +43.405
R2=1 R?=0.9906 R2=1 R?>=0.9338
34.55+19.13 12.5349.65 27.52+12.99 0.48+0.16
Sand y=0.35x+25 y=0.8096x + 31.67 y=0.5x+25  y=0.9679x + 43.094
R*=1 R?=0.9984 R*=1 R?>=0.9878

The obtained results indicate that the C constant, which refers to the organic
matter content and is associated with the product used in the calculation of the
corresponding element (C = 0 for Ni; C = 1 for Pb; C =0 for Cr; C =0.021 for Cd),
has a higher dependency in sandy soils, as expected, considering the source
of formula which is primarily intended for similar soil types. For the content
of Cd in the chernozem soil, it was registered the lowest coefficient of deter-
mination for the clay fraction content, which can be explained by the lowest
coefficient of variation for the tested parameter which was determined by
processing the observed number of samples.

The correlative dependence which refers to the clay fraction content
showed a high correlation, which is in correspondence with the assigned
B constants for the tested elements (B = 1 for Ni; B =1 for Pb; B =2 for Cr;
B =0.007 for Cd).

CONCLUSION

Using the equation for determination of the adjusted MPC value defined in
Official Gazette of RS (2018), which in the calculation includes the coefficients
of the content of organic matter and clay fractions individually associated with
the tested trace element and the limit MPC value, for a determined number of
samples with trace elements value above the MPC, defined in Official Gazette
of Republic of Serbia (Official Gazette of RS, 1994), it was found that the content
of Cr and Pb in tested types of soil still does not exceed the adjusted MPC value.
As for Cd and Ni, there was no deviation from the established and modified
values of MPC.

Research should be continued and supplemented by data for other types
of soils, based on which there would be done a further assessment of the appli-
cability of the existing regulations taken from Dutch sources (MvV, 2000) and
incorporated into the Regulative Official Gazette (88/2018).
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I[MTPOLIEHA MDK EJIEMEHATA ¥V TPAT'OBUMA Y
[HOJBOITPUBPE/JHOM 3EMJBULITY IIOMORKY
CAZIP’KAJA OPITAHCKE MATEPUIJE U I'JIMHE

Pagmuna H. TIMBUR!, 3opan C. TUHUR!, Jenena C. MAKCUMOBHR',
Jo6pusoj XK. TIOLITUR?, Patu6op T. IITPEBAHOBUR?,
Anekcannpa 5. CTAHOJKOBUR-CEBUR!

"MHCTUTYT 3a 3eMIBHINTE,
Teomopa dpajzepa 7, beorpax 11000, Cpouja
WHcTuTyT 32 3alUTUTY OMJba M )KUBOTHY CPEIUHY,
Teomopa [pajzepa 9, beorpan 11000, Cpduja

PE3MME: [{usb oBOT pajia je ucTpaxuBame JONPUHOCA yTHUIIAja caapikKaja OpraH-
CKE MaTepHje ¥ TIIMHE Ha BPSAHOCT MaKCUMAITHO J03BOJbEHUX KOHIeHTparuja (M/IK)
enemenara y Tparosuma Pb, Ni, Cr u Cd, koje je cripoBeieHO Ha M0JbOIPUBPEIHOM
3eMJbulITY Tepuropuje Onmrune Benuko I'paguire. AnanusupaHo je 82 y3opka Ha
3eMJBHIITY THIIA CYTPUIHN KaMOuco, 17 y3opaka Ha 3eMJBHIITY THITA YEPHO3EM U 32
y30pKa Ha MECKOBUTUM 3eMJBHIITHMA. Y KOMIIO3UTHUM y30pIIIMa 3eMJBHIITA, Y3ETHX Ca
nyoune 0-30 cm, onpehenu cy ocHoBHu napamerpu miognoct (pH, P,Os, K,0, CaCOs;,
OpraHCKa MaTepuja), caapkaj (paxiuje TIuHe U caapxaj yKkynHux gopmu Pb, Ni, Cr
u Cd. Tymaueme n001jeHuX pe3yaTaTa UCIMTHBAaba CIIPOBENICHO je y oqHocy Ha MJIK
HUCIUTUBAHUX MUKpoenemeHaTta Aepunucanux [lpasunaukom (Cryorcoenu Snacrnux
PC, 88/2018). Ha ocHoBy ofiHoca nepunucanux MJIK n kopuroBaHux BpeJHOCTH KOje
y 00padyH y3umajy ¥ BpeIHOCTHU cajpiKaja OpraHcke MaTepuje u riuHe, yTBphena je
KOpeIalioHa 3aBUCHOCT Y OJJHOCY Ha CaJipKaj OpraHcKe MaTepHje, OHOCHO CaapiKaj
(pakumje rmuHe y ucmtuBaHuM y3opiuma. [lopex Tora, cagpxkaj Cr u Pb y ncnuranum
THUTIOBMMA 3€MJBHINITA U J]aJhe He Mpenasu npruiaroheny Bpeanoct M/IK. 3a Bpennoctn
Cd u Ni, HEje 6mto oncrymnama ox yrephennx n moaudukoBanux Bpexnocta M/IK.
3akJpydaK je a HCTpakuBama Tpeba HaCTAaBUTH U IOMYHHUTH MTOAAIIMMA U 33 OCTaIIe
THUTIOBE 3€MJBHIITA HA OCHOBY 4era OH ce Jjajia KOHaYHA OLCHA TPUMEILIHBOCTH ITOCTO-
jehe peryrnaruBe Koja je mpey3era u3 XolnaHackux u3Bopa a 'y 2018. rogunu cy yHera
y Hpasunnuk (Cnyorcoenu Znachux PC, 88/2018) .

KJbYYUHE PEYMN: 3emsbuIITE, €IEMEHTH Y TParoBuMa, MakKCUMaJTHO JI03BOJbEHE
kounenTpanuje (MJIK), oprancka marepuja, riinHa
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EDITORIAL POLICY

The journal MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES is
dedicated to publishing original scientific papers presenting new results of funda-
mental and applied research, review articles as well as brief communications from
all scientific fields as referred to in the title of the journal. Review articles are pub-
lished only when solicited by the editorial board of the journal. Manuscripts that have
already been published in extensor or in parts or have been submitted for publication
to other journal will not be accepted. The journal is issued twice a year.

The manuscripts should be written in correct English language regarding the
grammar and style. The manuscripts should be submitted electronically as a separate
file to vnikolic@maticasrpska.org.rs and enclosed with the author’s written consent
for the publishing of the manuscript.

Upon the reception of the manuscript, the author shall be assigned with a manuscript
code, which has to be referred to in any further correspondence. The authors will be noti-
fied about the manuscript reception within seven days and about the reviewers’ opinion
within two months from submission. All submitted manuscripts are reviewed and proofread.

MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES is an Open Access
journal.

Contributions to the Journal should be submitted in the English language, with
an abstract also in Serbian.

MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES is available in
full-text at the web site of Matica Srpska and in the following data bases: Serbian
Citation Index, EBSCO Academic Search Complet, abstract level at Agris (FAO),
CAB Abstracts, CABI Full-Text, Thomson Reuters Master Journal List and DOAJ
(Directory of Open Access Journals).

Editorial responsibilities

The Editor-in-Chief and the Editorial Board are responsible for deciding which
articles submitted to MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES
will be published. The Editor-in-Chief and the Editorial Board are guided by the
Editorial Policy and constrained by legal requirements in force regarding libel, copy-
right infringement and plagiarism.

The Editor-in-Chief reserves the right to decide not to publish submitted manu-
scripts in case it is found that they do not meet relevant standards concerning the
content and formal aspects. The Editorial Staff will inform the authors whether the
manuscript is accepted for publication within two weeks after receiving from authors
manuscript revised following reviewers comments.

The Editor-in-Chief and members of Editorial Board must hold no conflict of
interest with regard to the articles they consider for publication. If an Editor feels that
there is likely to be a perception of a conflict of interest in relation to their handling
of a submission, the selection of reviewers and all decisions on the paper shall be
made by the Edittor-in-Chief.

The Editor-in-Chief and members of Editorial Board shall evaluate manuscripts
for their intellectual content free from any racial, gender, sexual, religious, ethnic, or
political bias.
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The Editor-in-Chief and the Editorial Staff must not use unpublished materials
disclosed in submitted manuscripts without the express written consent of the authors.
The information and ideas presented in submitted manuscripts shall be kept confi-
dential and must not be used for personal gain.

The Editor-in-Chief and members of Editorial Board shall take all reasonable
measures to ensure that the reviewers remain anonymous to the authors before, dur-
ing and after the evaluation process.

Author’s responsibilities

Authors warrant that their manuscript is their original work, that it has not been
published before, and is not under consideration for publication elsewhere. Parallel
submission of the same paper to another journal constitutes a misconduct, and elim-
inates the manuscript from consideration by MATICA SRPSKA JOURNAL FOR
NATURAL SCIENCES.

The Authors also warrant that the manuscript is not and will not be published
elsewhere (after the publication in MATICA SRPSKA JOURNAL FOR NATURAL
SCIENCES) in any language without the consent of the Editorial Board.

In case a submitted manuscript is a result of a research project, or its previous version
has been presented at a conference in the form of an oral presentation (under the same
or similar title), detailed information about the project, the conference, etc. shall be pro-
vided in Acknowledgements. A paper that has already been published in another journal
cannot be reprinted in MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES.

It is the responsibility of each author to ensure that papers submitted to MAT-
ICA SRPSKA JOURNAL FOR NATURAL SCIENCES are written with ethical
standards in mind. Authors affirm that the article contains no unfounded or unlawful
statements and does not violate the rights of third parties. The Publisher will not be
held legally responsible should there be any claims for compensation.

Reporting standards

A submitted manuscript should contain sufficient detail and references to permit
reviewers and, subsequently, readers to verify the claims presented in it. The deliber-
ate presentation of false claims is a violation of ethical standards. Book reviews and
technical papers should be accurate and they should present an objective perspective.

Authors are exclusively responsible for the contents of their submissions and must
make sure that they have permission from all involved parties to make the data public.

Authors wishing to include figures, tables or other materials that have already
been published elsewhere are required to be referred on the reference used, or to have
permission from the copyright holder(s). Any material received without such evidence
will be assumed to originate from the authors.

Authorship

Authors must make sure that only contributors who have significantly contrib-
uted to the submission are listed as authors and, conversely, that all contributors who
have significantly contributed to the submission are listed as authors. If persons
other than authors were involved in important aspects of the research project and the
preparation of the manuscript, their contribution should be acknowledged in a footnote
or the Acknowledgments section.

Acknowledgment of Sources
Authors are required to properly cite sources that have significantly influenced their
research and their manuscript. Information received in a private conversation or corre-
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spondence with third parties, in reviewing project applications, manuscripts and similar
materials must not be used without the express written consent of the information source.

Plagiarism

Plagiarism, where someone assumes another’s ideas, words, or other creative
expression as one’s own, is a clear violation of scientific ethics. Plagiarism may also
involve a violation of copyright law, punishable by legal action.

Plagiarism includes the following:

* Word for word, or almost word for word copying, or purposely paraphrasing
portions of another author’s work without clearly indicating the source or marking
the copied fragment (for example, using quotation marks);

+ Copying equations, figures or tables from someone else’s paper without prop-
erly citing the source and/or without permission from the original author or the copyright
holder.

Please note that all submissions are thoroughly checked for plagiarism.

Any paper which shows obvious signs of plagiarism will be automatically re-
jected and those authors will not be permitted to submit papers to MATICA SRPSKA
JOURNAL FOR NATURAL SCIENCES for three years.

In case plagiarism is discovered in a paper that has already been published by the
journal, it will be retracted in accordance with the procedure described below under
Retraction policy, and authors will not be permitted to submit papers to MATICA
SRPSKA JOURNAL FOR NATURAL SCIENCES for three years.

Conlflict of interest
Authors should disclose in their manuscript any financial or other substantive
conflict of interest that might have influenced the presented results or their interpretation.

Fundamental errors in published works

In the event that an author discovers a significant error or inaccuracy in his/her
own published work, it is the author’s obligation to promptly notify the journal Editor
or publisher and cooperate with the Editor to retract or correct the paper.

By submitting a manuscript the authors agree to abide by the MATICA SRPSKA
JOURNAL FOR NATURAL SCIENCES’s Editorial Policies.

Reviewer responsibilities

Reviewers are required to provide written, competent and unbiased feedback in
a timely manner on the scholarly merits and the scientific value of the manuscript.

The reviewers assess manuscript for the compliance with the profile of the
journal, the relevance of the investigated topic and applied methods, the originality
and scientific relevance of information presented in the manuscript, the presentation
style and scholarly apparatus.

Reviewers should alert the Editor to any well-founded suspicions or the knowl-
edge of possible violations of ethical standards by the authors. Reviewers should
recognize relevant published works that have not been cited by the authors and alert
the Editor to substantial similarities between a reviewed manuscript and any manu-
script published or under consideration for publication elsewhere, in the event they
are aware of such. Reviewers should also alert the Editor to a parallel submission of
the same paper to another journal, in the event they are aware of such.

Reviewers must not have conflict of interest with respect to the research, the
authors and/or the funding sources for the research. If such conflicts exist, the review-
ers must report them to the Editor without delay.
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Any selected referee who feels unqualified to review the research reported in a
manuscript or knows that its prompt review will be impossible should notify the
Editor without delay.

Reviews must be conducted objectively. Personal criticism of the author is inap-
propriate. Reviewers should express their views clearly with supporting arguments.

Any manuscripts received for review must be treated as confidential documents.
Reviewers must not use unpublished materials disclosed in submitted manuscripts
without the express written consent of the authors. The information and ideas pre-
sented in submitted manuscripts shall be kept confidential and must not be used for
personal gain.

Peer review

The submitted manuscripts are subject to a peer review process. The purpose
of peer review is to assists the Editor-in-Chief, Editorial Board and Consulting Editors
in making editorial decisions and through the editorial communications with the
author it may also assist the author in improving the paper. Scientific papers, review
papers, short communications are subjected to the review process.

Reviews are anonymous (single-blind procedure), and at least one positive review
should be obtained for a positive decision — acceptance of the paper after minor or
major revision. In case MAJOR changes are demanded by reviewer(s), the revised
version of the paper will be sent again to the reviewer(s) for their FINAL OPINION.
Reviewers are not paid for their reviews.

The choice of reviewer(s) is at the discretion of the Editor-in-Chief and members
of Editorial Board. The reviewers must be knowledgeable about the subject area of
the manuscript; they must not be from the authors’ own institution and they should
not have recent joint publications with any of the authors. Editors and the Editorial
Staff shall take all reasonable measures to ensure that the reviewers remain anony-
mous to the authors before, during and after the evaluation process.

All of the reviewers of a paper act independently and they are not aware of each
other’s identities. If the decisions of the two reviewers are not the same (accept/reject),
the Editor may assign additional reviewers.

During the review process Editors may require authors to provide additional
information (including raw data) if they are necessary for the evaluation of the schol-
arly merit of the manuscript. These materials shall be kept confidential and must not
be used for personal gain.

The Editorial team shall ensure reasonable quality control for the reviews. With
respect to reviewers whose reviews are convincingly questioned by authors, special
attention will be paid to ensure that the reviews are objective and high in academic
standard. When there is any doubt with regard to the objectivity of the reviews or the
quality of the review, additional reviewers will be assigned.

Procedures for dealing with unethical behavior

Anyone may inform the editors and/or Editorial Staff at any time of suspected
unethical behavior or any type of misconduct by giving the necessary information/
evidence to start an investigation.

Investigation

¢ Editor-in-Chief will consult with the Subject Editors on decisions regarding
the initiation of an investigation.

* During an investigation, any evidence should be treated as strictly confidential
and only made available to those strictly involved in investigating.
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* The accused will always be given the chance to respond to any charges made
against them.

o If it is judged at the end of the investigation that misconduct has occurred, then
it will be classified as either minor or serious.

Minor misconduct

Minor misconduct will be dealt directly with those involved without involving
any other parties, e.g.:

» Communicating to authors/reviewers whenever a minor issue involving mis-
understanding or misapplication of academic standards has occurred.

* A warning letter to an author or reviewer regarding fairly minor misconduct.

Major misconduct

The Editor-in-Chief, in consultation with the Subject, and, when appropriate,
further consultation with a small group of experts should make any decision regard-
ing the course of action to be taken using the evidence available. The possible out-
comes are as follows (these can be used separately or jointly):

* Publication of a formal announcement or editorial describing the misconduct.

* Informing the author’s (or reviewer’s) head of department or employer of any
misconduct by means of a formal letter.

* The formal, announced retraction of publications from the journal in accord-
ance with the Retraction Policy (see below).

* A ban on submissions from an individual for a defined period.

* Referring a case to a professional organization or legal authority for further
investigation and action.

When dealing with unethical behavior, the Editorial Staff will rely on the guide-
lines and recommendations provided by the Committee on Publication Ethics (COPE).

Retraction policy

Legal limitations of the publisher, copyright holder or author(s), infringements
of professional ethical codes, such as multiple submissions, bogus claims of author-
ship, plagiarism, fraudulent use of data or any major misconduct require retraction
of an article. Occasionally a retraction can be used to correct errors in submission or
publication. The main reason for withdrawal or retraction is to correct the mistake
while preserving the integrity of science; it is not to punish the author.

Standards for dealing with retractions have been developed by a number of li-
brary and scholarly bodies, and this practice has been adopted for article retraction
by MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES: in the electronic
version of the retraction note, a link is made to the original article. In the electronic
version of the original article, a link is made to the retraction note where it is clearly
stated that the article has been retracted. The original article is retained unchanged;
save for a watermark on the PDF indicating on each page that it is “retracted.”

Open access policy

MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES is an Open Access
Journal. All articles can be downloaded free of charge and used in accordance with
the Creative Commons Attribution-NonCommercial-NoDerivs 4.0 International (CC
BY-NC-ND) licence.

The MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES journal is
funded by Matica srpska and does not charge any fees to authorsis free of charge for
authors.
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Self-archiving Policy

The MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES allows au-
thors to deposit Author’s Post-print (accepted version) and Publisher’s version/PDF
in an institutional repository and non-commercial subject-based repositories, such as
arXiv or similar) or to publish it on Author’s personal website (including social net-
working sites, such as ResearchGate, Academia.edu, etc.) and/or departmental web-
site, at any time after publication. Full bibliographic information (authors, article title,
journal title, volume, issue, pages) about the original publication must be provided
and a link must be made to the article’s DOI.

Copyright

Authors retain copyright of the published article and have the right to use the
article in the ways permitted to third parties under the — Creative Commons Attribu-
tion-NonCommercial-NoDerivs 4.0 International (CC BY-NC-ND) licensce. Full
bibliographic information (authors, article title, journal title, volume, issue, pages) about
the original publication must be provided and a link must be made to the article’s DOI.

The authors and third parties who wish use the article in a way not covered by
the Creative Commons Attribution-NonCommercial-NoDerivs 4.0 International (CC
BY-NC-ND) licensce must obtain a written consent of the publishercopyright holder.
This license allows others to download the paper and share it with others as long as
they credit the journal, but they cannot change it in any way or use it commercially.

Authors grant to the publisher the right to publish the article, to be cited as its
original publisher in case of reuse, and to distribute it in all forms and media.

Disclaimer

The views expressed in the published works do not express the views of the
Editors and Editorial Staff. The authors take legal and moral responsibility for the
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of any claims for damages. The Publisher will not be held legally responsible should
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INSTRUCTION TO AUTHORS

1. General remarks

1.1. Matica Srpska Journal for Natural Sciences (short title: Matica Srpska J.
Nat. Sci.) publishes manuscripts and review articles as well as brief communications
from all scientific fields as referred to in the title of the journal. Review articles are
published only when solicited by the editorial board of the journal. Manuscripts that
have already been published in extenso or in parts or have been submitted for publi-
cation to other journal will not be accepted. The journal is issued twice a year.

1.2. The manuscripts should be written in correct English language regarding
the grammar and style. The manuscripts should be submitted electronically as a
separate file to vnikolic@maticasrpska.org.rs and enclosed with the author’s written
consent for the publishing of the manuscript.

1.3. Upon the reception of the manuscript, the author shall be assigned with a
manuscript code, which has to be referred to in any further correspondence. The
authors will be notified about the manuscript reception within seven days and about
the reviewers’ opinion within two months from submission. All submitted manuscripts
are reviewed and proofread.

2. Planning and preparing of the manuscript

2.1. Type the manuscripts electronically on A4 (21 x 29.5 cm) format with 2.5
cm margins, first line indent, and 1.5 line spacing. When writing the text, the authors
should use Times New Roman size 12 font and when writing the abstract, key words,
summary, and footnotes use font size 10.

2.2. First name, middle initial and last name should be given for all authors of
the manuscript and their institutional affiliations, institution name, and mailing ad-
dress. In complex organizations, a full hierarchy should be mentioned (e.g. Univer-
sity of Novi Sad, Faculty of Sciences — Department of Biology and Ecology). The
institution of employment of each author should be stated below the author’s name.
The position and academic degrees should not be cited. If there is more than one
author, indicate separately institutional affiliation for each of the authors. Put the
name and mailing address (postal or e-mail address) of the author responsible for
correspondence at the bottom of the first page. If there is more than one author, write
the address of only one author, usually the first one.

2.3. Structure the text of the original articles into Abstract, Key Words, Intro-
duction, Material or Methods, or Material and Methods, Results or Results and Dis-
cussion, Discussion, Conclusion, References, Summary and Key Words in Serbian
language, and Acknowledgement (if there is one). Original articles should not be
longer than 10 pages, including the references, tables, legends, and figures.

2.4. Titles should be informative and not longer than 10 words. It is in the best
interest of the authors and the journal to use words in titles suitable for indexing and
electronic searching of the article.

2.5. The authors should submit the title of the article with last name and the
initials of the first author.
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(if the article has more than one author, et al. should be used for other authors)
and running title of not more than five words.

2.6. List up to 10 key words using words and phrases that describe the content
of the article in the best way and that allow indexing and electronic searching of the
paper. List the key words alphabetically and divided by commas.

2.7. The Abstract in English language and Summary in Serbian language should
be a short and informative presentation of the article. Depending on the length of the
article, the Abstract may have from 100 to 250 words. Summary written in Serbian
language can be 1/10 length of the article and should contain the title of the article,
first, middle initial, and last names of the authors, authors’ institutional affiliation
and address, and key words.

2.8. Write the information about financial support, advices, and other forms of
assistance, if necessary, at the end of the article under the Acknowledgement. Finan-
cial support acknowledgement should contain the name and the number of the project,
i.e. the name of the program from which the article originated, and the name of the
institution that provided the financial support. In case of other forms of assistance
the author should submit the first name, middle initial, last name, institutional af-
filiation, and the address of the person providing the assistance or the full name and
the address of the assisting institution.

3. Structure the Review articles in Abstract, Key Words, Text of the manuscript,
Conclusion, and References; submit Summary and Key Words in Serbian language.
Review articles should not be longer than 12 pages, including references, tables,
legends, and figures.

4. Write brief communication according to the instructions for original articles
but not be longer than five pages.

5. References

5.1. List the References alphabetically. Examples:

(a) Articles from journals: Last name CD, Last name CD (2009): Title of the
article. Title of the journal (abbreviated form) 135: 122—129.

(b) Chapters in the book: Last name ED, Last name AS, Last name IP (2011):
Title of the pertinent part from the book. In: Last name CA, last name IF (eds.), Title
of the book, Vol.4, Publisher, City

(c) Books: Last name VG, Last name CS (2009): Title of the cited book. Publisher,
City

(d) Dissertations: Last name VA (2009): Title of the thesis. Doctoral dissertation,
University, City

(e) Unpublished articles: designation “in press” should be used only for papers
accepted for publishing. Unpublished articles should be cited in the same way as
published articles except that instead of journal volume and page numbers should
write “in press” information.

(f) Articles reported at scientific meetings and published in extenso or in a sum-
mary form: Last name FR (2011): Proceedings, Name of the meeting, Meeting organ-
izers, Venue, Country, 24-29.

(g) World Wide Web Sites and other electronic sources: Author’s last name,
Author’s initial. (Date of publication or revision). Title, In: source in Italics, Date of
access, Available from: <Available URL>. Use n.d. (no date) where no publication
date is available. Where no author is available, transfer the organization behind the
website or the title to the author space.
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5.2. References in the text should include author’s last name and the year of
publishing. When there are two authors both should be cited, but in case of three or
more authors, cite the first author only and follow with et al.

5.3. If two or more articles of the same author or authors published in the same
year are cited, designate the publishing years with letters a, b, c, etc., both in text and
reference list.

5.4. The names of the periodicals should be abbreviated according the instruc-
tions in the Bibliographic Guide for Authors and Editors (BIOSIS, Chemical Abstracts
Service, and Engineering Index, Inc.).

5.5. Do not translate references to the language of the article. Write the names
of cited national periodicals in their original, shortened form. For example, for the
reference in Serbian language, put (Sr) at the end of the reference.

6. Units, names, abbreviations, and formulas

6.1. SI units of measurement (Systéme international d’unités) should be used but
when necessary use other officially accepted units.

6.2. Write the names of living organisms using Italics font style.

6.3. Abbreviated form of a term should be put into parenthesis after the full name
of the term first time it appears in the text.

6.4. Chemical formulas and complex equations should be drawn and prepared
for photographic reproduction.

7. Figures
7.1. Authors may use black-and-white photographs and good quality drawings.
7.2. A caption with the explanation should be put below each figure.

8. Tables

8.1. Type tables on separate sheet of papers and enclosed them at the end of the
manuscript.

8.2. Number the tables using Arabic numerals.

8.3. Above each table, write a capture with table explanation.

8.4. On the left margin, indicate the place of the tables in the text.

9. Electronic copy of the article

9.1. After the acceptance of the article, send a CD with final version of the manuscript
and a printed copy to facilitate technical processing of the text. Articles should be written
in Microsoft Word format and sent to the Editorial office of the Matica Srpska Journal
for Natural Sciences, 1 Matica Srpska Street, 21000 Novi Sad (Urednistvo Zbornika
Matice srpske za prirodne nauke, Matice srpske 1, 21000 Novi Sad).

9.2. Before printing, the manuscripts shall be sent to the authors for the approval
of final version. Corrections of the text prepared for printing should be restricted to
misspelling and printing errors as much as possible. For major changes of the text, a
fee will be charged. Corrected manuscript should be returned to the Editorial office
as soon as possible.
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