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CORRELATIONS BETWEEN SOIL ORGANIC
CARBON, LAND USE AND SOIL TYPE
IN SERBIA

ABSTRACT: Correlation between soil organic carbon (SOC) and land use and soil
type were investigated in the soils of the Republic of Serbia. The database included a total
of 1,140 soil profiles. To establish the correlation between organic carbon content and soil
type, a soil map of Serbia was adapted to the WRB classification and divided into 15,437
polygons (map units). The SOC stock values were calculated for each reference soil group
based on mean values of SOC at 0-30 and 0—100 cm and their areas. 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%2 g and for the soil layers 0-100 cm in Cambisol 274.87 x 10'? g and Chernozem 230.43
x 10'? g. Using the Corine Land Cover (CLC) database, the major categories of land use were
defined. Based on the obtained mean values of organic carbon content for the 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 soil, forest soil, semi-natural areas, and artificial
areas were calculated. The correlation of organic carbon stocks and the different land use
categories, 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.
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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
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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

15



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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