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Abstract

Soils are the largest carbon reservoir of the terrestrial carbon cycle. The quantity of C stored
in soils is highly significant; soils contain about three times more C than vegetation and twice
as much as that which is present in the atmosphere. Proper management of soil carbon
requires an understanding of the cycling and balance of carbon. Soils vary greatly in their
organic matter content. Soil organic matter consists of two groups of compounds, nonhumic
and humic substances both play important roles in the environment affecting the biochemical,
physical and chemical properties of soil.

Within Bilateral Project between Hungarian and Croatian scientists “Impact of tillage and
fertilization on probable climate threats in Hungary and Croatia, soil vulnerability and
protection” carbon storage were determined in different soil types in agroecological
conditions of Pannonian plain and in Mediterranean conditions. Total carbon content, pH and
CIN ratio in different natural (grasslands, meadows, forests) and agro ecosystems (vineyards,
gardens and crop fields) were determined. Soil samples were taken during the spring and
summer 2010 at different locations. Sampling depths varied from 0-3 cm, 3-10 cm, 0-30 cm,
30-60 cm and 60-90 cm depending on the location, region, soil type and type of ecosystem.

At 15 different locations, 5 in Pannonian plain and 10 in Mediterranean following results
are recorded: soil pH (in 1 M KCI, 1:25 (w/v)) varied between 5.0 measured at
Mediterranean pasture and 7.6 recorded in a crop field of Pannonian plain on Chernozem; CN
ratio varied from 11 up to 39 noted in Mediterranean vineyard on Cambisol calcaric; carbon
content observed in this study varied from 3.3 g C/kg measured in Szentgal at agricultural
crop field on Eutric Cambisol in deeper layers (< 60 cm) up to 107.2 g C/kg measured at
Mediterranean grassland in surface layer (0-3 cm).
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Aims and background

Total carbon (C) in soils is the sum of both organic and inorganic C. Organic C is present in
the soil organic matter (SOM) fraction, whereas inorganic C is largely found in carbonate
minerals. Not all soils contain inorganic C because of dissolution during soil formation of
carbonate minerals originally present in parent material. However, organic C is present in all
agricultural soils. In soils formed from calcareous parent material under arid conditions, it is
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not unusual for the inorganic C concentration to exceed the amount of organic C present
(SSSA, 1996). The cycle of carbon on Earth is the story of life on this planet. Soils are the
largest carbon reservoir of the terrestrial carbon cycle. The quantity of C stored in soils is
highly significant; soils contain about three times more C than vegetation and twice as much
as that which is present in the atmosphere (FAO, 2004). Whether the goa is to reduce
greenhouse gas emission or to enhance soil quality and plant production, proper management
of SOM requires an understanding of the cycling and balance of carbon. The rate a which
SOM either increases or decreases is determined by the balance between gains and losses of
carbon. In Agroecosystem many different factors affect the balance between gains and losses
of SOM (Brady and Wail, 2010). SOM is mostly an accumulation of dead plant matter and
partially decayed and resynthesized plant and animal residues (Bohn et al., 2001).

In the other point of view soil is formed when the ions in rock minerals at the Earth’'s
surface change, or weather, to more stable chemical states. Soil development, in the chemical
sensg, is roughly synonymous with weathering (Bohn et al., 2001). Jenny, 1941 proposed that
soil development should be regarded as the result of five soil forming factors: climate,
topography, biosphere, parent material and time. The relative importance of each factor as
well varies with local and regional conditions. The soil forming factors also are
interdependent.

Soils vary greatly in their organic matter content. SOM consist of two groups of
compounds, nonhumic and humic substances both play important roles in the environment
and affect biochemical, physical and chemical properties of soil. Despite the relatively low
concentration of SOC in mineral soils compared to inorganic components this pool of carbon
is an important component of the global carbon budget and cycle (Essington, 2004).

The content of soil organic carbon (SOC) is universal soil quality indicator with
significant influence on soil properties. Soil organic carbon today is in the centre of interest
because of international conventions on climate change (UNFCC), biodiversity (CBD) and
desertification (UNCCD). Therefore, it is very important to understand the processes that
influence changes in soil organic carbon particularly in Pannonian and Mediterranean region.

Experimental circumstances

In different natural (grasslands, meadows, forest) and artificial agro ecosystems (vineyards,
garden, crop field) during the spring and summer 2010 soil samples were taken at different
soil depths (table 1 & Picture 1). Sampling depths varied from 0-3 cm, 3-10 cm, 0-30 cm, 30-
60 cm and 60-90 cm depending on the location, region, soil type and type of ecosystem. Soil
samples were collected as composite samples (from 7 — 10 single samples). Air dried soil
samples were milled, sieved (< 2 mm) and homogenized, than prepared according to the
protocol for pretreatment of samples for physical and chemical analysis (1SO 11464).

Selected parameters were determined in the soil samples as follows: pH, plant available P,Os
and KO, organic matter, total nitrogen, total carbon, total sulphur and carbonate content. This
paper presents results of total carbon, total nitrogen and pH.

The soil pH was determined in 1:2.5 (w/v) in (1 M KCI) soil suspension (modified 1SO
10390). Tota carbon (TC) content and total nitrogen (TN) content were determined by dry
combustion method (1SO 10694) and (1SO 13878), respectively at CHNS analyzer, (Vario
Macro, Elementar 2006).
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Table 1 Investigated locations

. Sampling . : Latitude
L ocation depths, cm Region Land use Sail Type Longitude
0-30 .
agriculture crop N 46°20'42,78"
Lokl 30_60 f|dd Chanozern E 20°49' 51,2 ]
60-90
0-30 agriculture crop N 46°20' 14,28
Lok2 30-60 el Chemozem | & 50051 34,32"
60-90
0-30 Hungary -
. N 47°16'55,80
Karl 30-60 Pannonian meadow Chernozem E 20°53'41,82"
60-90 plain
0-30 agriculture crop N 47°08'32,22"
Szentgdl 30-60 feld Eutric Cambisol E 17°40' 49:0 i’
60-90
. 0-30
Szentgdl , . N 47°07'51,96"
30-60 meadow Eutric Cambisol ’
E 17°42° 46,98
grassland 60-90
. N 44°53'21,18"
Lubl 0-30 vegetable garden | Rigosol on karst E 14°19'58,02"
. . N 44°53 31,50
Lub2 0-30 vineyard Rigosol on karst E 14°20'12.96"
Rendzinaon o s
Lub3 0-3 karst pasture dolomite and E ﬁogg gj:gg
l[imestone '
ML1 0-3 afforested Pinus | Calcocambisol on | N 44°31'28,50"
halepensis forest limestone E 14°2723,34”
ML2 0-3 afforested Pinus | Calcocambisol on | N 44°31'35,04"
halepensis forest limestone E 14°27' 07,68
meadow:
i Dactylis o5 "
B12 30 130 glomerata, Rosa Terrarossa E ﬁ,gg :2352;8:73
- Croatia— Canina, Ficus ’
Islands — carica
Ard”iatrllc olivetreeswith | Rigosol on karst
B13 .30 g typical vegetation from N 45°06'34,19""
i for Northern Calcocambisol on E 14°21'11,61"
M editerranean limestone
0-3 Cal cocambisol N 45°04'10,84"’
B14 3-10 pasture onlimestone | E14°21'4350"
grassland:
Salvia
fficinalis Lithosol on
0-3 omnais, . N 45°03 26,11"
B15 Sipa limestone and o1 oty
310 eriocaulis, dolomite £ 14215026
Juniperus
oxycedrus
abandoned . N 45°02" 23,68
B16 0-30 vegetable garden | N190%0I ONKASt | E 94051 51 66
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Lok 1 - agriculture crop field,
Hungary

Hungary

N

Lok 2 - nculture crop field,

Szentgdl - agriculture crop field,
Hungary

Lub 1 — vegetable garden,
Croatia

3

B12 - meadow, Croatia

Lu

ML 1 —forest, Croatia

B14 — pasture, Croatia - B15-grasdand, Croatia

B16 — abandoned vegetable

Hungary

garden, Croatia

Picture 1 Photos of all investigated locations and its variability on land management



Results and discussion

Results of carbon content in typical Pannonian and Mediterranean soils are presented at
Figures 1 and 2. According to Hobley and Willgoose (2010) issues and considerations
regarding measurement of carbon stocks, and particularly SOC stocks can be divided to
several groups, sampling issues, temporal issues, measurement issues, and, finally issues
about vertical distribution of SOC and sample depths. In this research it was not possible to
follow demanding and expensive procedures for soil sampling as it is described in “Soil
sampling protocol to certify the changes of organic carbon stock in mineral soil of the
European Union” (Stolbovoy et al., 2007) because of very limited funds. But it is important to
stress that without more detailed research it will be impossible to discuss carbon inventory
and changes in carbon stocks over time.
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Figure 1 Carbon storage in typical Panonnian soils, 0-90 cm
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Figure 2 Carbon storage in typical Mediterranean soils, 0-3 cm and 0-30 cm
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Total carbon content observed in this study varied from 3.3 g C/kg measured in Szentgal
at agricultural crop field on Eutric Cambisol in deeper layers (< 60 cm) up to 107.2 g C/kg
measured at Mediterranean grassland in surface layer (0-3 cm). Carbon content in soil is a
result of natural pedogenetic processes and land management patterns. Main difference in
carbon storage between Pannonian and Mediterranean soils is related to the soil depth.
Although carbon content in shallow samples taken from Mediterranean environment is higher
in average, overall carbon storage is much higher in soils from Pannonian region because of
soil depth and other relevant soil properties. Figures 3 and 4 present results of soil pH and
CIN ratio in al investigated soils. Soil pH (in 1 M KCI, 1:2.5 (w/v, Figure 3) varied between
acid (5.0) measured at Mediterranean pasture and weakly alkaline (7.6) recorded in a crop
field of Pannonian plain on Chernozem (Figure 3). C/N ratio varied from 11 up to 39 noted in
Mediterranean vineyard on Cambisol calcaric (Figure 4).
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Figure 3 pH in investigated Pannonian and Mediterranean soil samples
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Figure 4 C/N ratio in investigated Pannonian and Mediterranean soil types
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Usually it is accepted that the optimal C/N ratio is around 10 while ratio over 30 is
considered extremely high and can result in some soil nitrogen deficiencies. According to our
results, from 28 samples 17 have C/N ratio between 11 and 13, then 6 have C/N ratio in a
range from 15 to 19, while 4 soil samples have C/N ratio 22, and one sample 39.

CIN ratio in arable (cultivated) surface Ap horizons commonly ranges from 8 — 15
(median ~12) and is generally lower within soil profile (Brady and Weil, 2010). Soil microbes
like other organisms require a balance of nutrients from which they build their cells and
extract energy (C & N). The microbes need to find about 1g of N for every 24 g of C in their
food. If C/N is too high microbes search available N and this can lead to depletion of soil
soluble N in different forms. As a result of that process N deficiency can occur and decay of
OM can be delayed. Moist soils contain from 1-10 % (10-100 g/kg) of C in surface horizon,
with the majority having C content from 1-3 %. The most notable exceptions are organic soils
(Histosols) formed under waterlogged conditions which restrict the flow of oxygen to soil
organisms and thus reducing the rates of SOM decay. According to Paustian (2002) they may
contain 10 -30 % of C.

One of particularly interesting questions is how nitrogen fertilization influences SOC. In
the literature there are numerous findings about influence of mineral nitrogen fertilization to
soil organic carbon content. Very often, results are controversial. Some authors confirm
positive effects, but there are some papers where negative influence of nitrogen fertilization
on total soil organic carbon content. Positive correlations are observed by Halvorson and
Reule (1999) in semi arid, dry land areas in Colorado, than by Blevins et al., (1983) in
Kentucky and Raun et al., (1993) in Oklahoma. On the other hand, some US scientists (Khan
et al., 2007) observed negative correlation after analyses of numerous long term cropping
experiments in the USA and elsewhere (Denmark and England). In addition, there are some
results that point to to the conclusion that there is no influence of N fertilization on SOC
(Hofmann et al., 2009).

Beside nitrogen fertilization, soil tillage and crop rotation also significantly contribute to
the soil organic carbon balance. Birkas et al. (2007) studied organic material content in soils,
including its response to land use. On soils originally rich in SOM they found five influencing
factors, e.g.: (1) number and extent of soil disturbance (affecting CO, emission); (2) crop
residue mass and handling (incorporate, mulch, or mix as recycle); (3) soil moisture storage or
loss (affecting soil disturbance); (4) correct/incorrect-timing of primary tillage; (5) depth and
method of soil disturbance in summer (affecting CO, emission). Based on results obtained
both in experimental and field relations they concluded that less (optimal) soil disturbance
should be applied to conserve organic matters effectively, and that frequent disturbance
promotes the loss of humus in a long-term.

The results obtained by Meersmans J. et al. (2009) point to the conclusion that intensified
land management practices seriously affect the SOC status of the soil. The increase in plough
depth and a change in crop rotation result in a significant decrease of C near the surface for
dry silt loam cropland soils. According to Birkas (2010) in the experiment with soil tillage the
total of 12-17 t ha™ organic carbon was recycled over a period of 7 years. The soil original C
content (1.83 g kg™) was increased by 0.53 g kg™ in the case of direct drilling, 0.19 g kg™ in
the case of tillage using cultivators, 0.08 g kg™ at the disking, 0.19 g kg™ at the loosening and
by 0.27 g kg in the case of ploughing. Factors contributing to the increase of organic C
content include the adding of organic material to the soil, carbon conserving tillage and hest-
stress alleviation.

As Alvaro-Fuentes et al., (2011) concluded that there is little information about soil
organic carbon (SOC) stocks and changes in Mediterranean areas at a regional scale. They
modelled an area of 95 269 km” in northeast Spain using the Global Environmental Facility
Soil Organic Carbon (GEFSOC) system to predict SOC stocks and changes in pasture, forest
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and agricultural soils. The greatest SOC gain was predicted in agricultural soils with 42 Tg C
caused by changes in management, which led to increases in C inputs. Authors concluded that
more research is needed in order to study the potential role of soils as atmospheric CO, sinks
under different managements and climatic conditions,

These results clearly show the importance of different tillage and fertilization practices on
soil organic carbon balance.

Conclusion

Management of agricultural fields, grasslands, meadows, orchards and forests has great
influence on soil carbon content. Depletion of SOC is not an option for sustainable land use.
For the need of monitoring of changes of carbon stocks in Pannonian and M editerranean soils
it will be necessary to carry out more detailed research programs.
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