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Improperly used farming systems and agrotechnical practices with ongoing climate change can contribute to the reduction of 
the level of soil organic carbon (SOC) stocks not only in intensively cultivated arable soils but also in grasslands. One of the 
ways to track changes in the SOC stock is the use of mathematical models. The RothC model was validated at the locality 
Suchý vrch, which hosts long-term experiments on grassland. The soil type is sandy-loam textured Cambisol. Validation was 
done for the period 1993 – 2009 on grassland with various applications of mineral and organic fertilisers. Results of validation 
show that the RothC model appropriately predicts the development of grassland SOCs and can be used in forecasting SOC 
stock in the future. Five different management scenarios, with carbon input 2.3 to 6.4 t/ha and three climate scenarios (RCP 
2.6, RCP 4.5, RCP 8.5) of the MPI climate model were used to track the changes of SOC stock on grassland in the period 
2009 – 2100. Modelling results of SOC development show, that in the future, a relatively low-temperature increase (RCP 
2.6) and a relatively high carbon input into the soil (6.4 t/ha) can ensure moderate carbon sequestration. However, between 
the low-carbon management scenarios (2.3 and 4.1 t/ha), SOC stocks are continuously decreasing in the RCP 2.6 climate 
scenario. At a significantly higher temperature (climate scenario RCP 8.5), that is expected in future, it will not be possible 
to maintain the current level of SOC stock  not even at a high carbon input (6.4 t/ha).
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Soil organic matter (SOM) is one of the most im-
portant soil parameters, which affects many biolog-
ical, chemical and physical soil processes (Campbel 
& Paustian 2015). Soil organic carbon (SOC), the 
key element of SOM, is considered the primary in-
dicator of soil quality and health in relation to pro-
ductive and ecological soil functions (Chevalier et 
al. 2016) and also affects all classes of ecosystem 

services (Banwart et al. 2015). It can be said that 
SOC is essential to numerous functions delivered 
by soils (Kopittke et al. 2022). The benefits deriv-
ing from the strategies that are currently adopted for 
global SOC sequestration are becoming increasing-
ly relevant to mitigate climate change as well as to 
improve food production (Moinet et al. 2023). 

In the soil ecosystem, the accumulation and 
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decomposition of SOM is constantly taking place. 
These processes are influenced by the soil tem-
perature and moisture, the supply of nutrients, soil 
texture, the soil cover as well climatic factors (Wi-
esemeier et al. 2019). Currently, due to intensive 
changes in land use and soil management, as well 
as under the influence of climate change, the SOC 
stock is the subject of significant changes.

Currently, publications on changes in SOC stock 
on intensively used arable land are prevalent, and 
there is significantly less information on SOC stock 
changes on grassland. Relatively many articles deal-
ing with changes in SOC stock come from Australia, 
where grasslands/pastures occupy 80% of the area 
in the wide range of climatic, geographical and land 
use conditions (Allen et al. 2013). As reported by 
several authors (Cook et al. 2010; Witt et al. 2011; 
Dean et al. 2012) in Australia, the dominant factors, 
that affect SOC stock on grassland/rangeland are cli-
mate conditions, soil parameters, vegetation charac-
teristics, fires and pasture management. Kirschbaum 
et al. (2017) found, that for grazed pastures, SOC 
stock depends on four key factors: both total carbon 
inputs from primary production and additional in-
puts such as purchased feed, the division of carbon 
inputs between the amount harvested from the site 
and the fraction retained on site and made available 
for the formation of carbon in the soil, the division 
of carbon between readily mineralized carbon from 
plant residues and organic carbon (labile carbon) 
and retained and stabilized carbon (stable carbon), 
and the biophysical control factors of the specific 
rate of carbon decomposition.

The distinction between the primary effects de-
termined by biomass inputs and removal and the 
secondary effects of carbon return through animal 
manure and the coupling of the carbon and nitrogen 
cycle have been well described by Sousanna and Le-
maire (2014). 

Climatic conditions and the way grasslands are 
managed can also alter the size and relative con-
tributions to changes in SOC stock (Whitehead et 
al. 2018). Overgrazing, biomass burning, land use 
change, and other unsuitable practices (Lu et al. 
2017; Abdala et al. 2021) can cause soil degrada-
tion resulting in increased CO2 emissions and dras-
tic SOC depletion (Chaplot et al. 2016; Abdala et 
al. 2018). Different pasture management strategies, 

such as fertiliser application and rotational grazing, 
can increase biomass production and thus lead to 
increased SOC sequestration (Conant et al. 2017; 
Abdalla et al. 2022). On a global scale SOC stock 
on grassland can increase, decrease, or remain un-
changed, depending on climate conditions and graz-
ing intensity (Pineiro et al. 2010). Allen et al. (2013) 
state that main indicators, that affect SOC stock in 
grassland are climate conditions, soil and vegetation 
characteristics and grazing intensity. 

One way to track changes in SOC stock is by 
using mathematical models. Long-term field exper-
iments are suitable for testing SOC models, which 
are extremely valuable for understanding long-
term SOC dynamic (Smith et al. 2020). There are 
many different mathematical model approaches 
(Campbell & Paustian 2015). However, many of 
them require a large number of input parameters, 
which are quite difficult to obtain. The well-known 
and most used for SOC stock changes tracing and 
SOC sequestration is the RothC model (Coleman 
& Jenkinson 2005). This model was used on global 
(Morais et al. 2019), European (Smith et al. 2005, 
2006), regional (Farina et al. 2017) and country lev-
el (Mondini et al. 2012). It was also used at the farm 
level (Hábová et al. 2019; Prokopyeva et al. 2021) 
and currently was used for the creation of a global 
map of SOC sequestration (Peralta et al. 2022). The 
Rothamsted Carbon Model (RothC) model was suc-
cessfully used also in Slovak conditions mainly on 
arable land at the country, regional and farm levels 
(Barančíková et al. 2010; 2012; Skalský et al. 2020; 
Barančíková et al. 2014; 2022), however, it was not 
used on grasslands in Slovak conditions. For this 
reason, we decided to validate and use this model 
at prediction of SOC changes on selected Slovak 
grassland.

This study aims to simulate the effect of agro-
technical management practices and climate scenar-
ios on the SOC stock changes in the grassland, on 
sandy-loam textured Cambisol, at the locality Suchý 
vrch.

The RothC model has been validated for the 
period 1993 – 2009 on grassland long-term exper-
iments with different rates of mineral and organic 
fertilisers. The prediction of SOC stock was done 
for the period 2009 – 2100. Five different manage-
ment scenarios and three climate scenarios (RCP 
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2.6, RCP 4.5, RCP 8.5) of the Max-Planck Institute 
(MPI) climate model were used to track the changes 
of SOC stock in grassland.

MATERIAL and METHODS

Basic characteristics of Suchý vrch locality
Suchý vrch is situated in central Slovakia near 

Banská Bystrica (Figure 1) at an altitude of 480 
m, GPS: 48°43´06,43´´N, 19°06´13,71´´. The soil 
type is sandy-loam textured Cambisol (FAO, 2015). 
The average precipitation during the growing sea-
son ranges from 270 mm to 630 mm and the mean 
growing season temperature varies from year to 
year from 7.5oC to 9.7oC. The Suchý vrch site is in a 
moderately warm climate zone. 

Since the beginning of the 1990s, the Suchý vrch 
locality has been used for long-term field experi-
ments in which the effects of different management 
treatments on grassland ecosystems are monitored. 
Over 1993 – 2002, the effect of mineral fertilisers on 
dry matter yield, nutritive value, and botanical com-

position on semi-natural grassland (G), over-sown 
grassland (S) and temporary grassland (T) was eval-
uated. The N, P, K fertiliser rates were (kg/ha/year): 
V-1: control; V-2: P30, K60; V-3: N90, P30, K60; 
V-4: N180, P30, K60. Subsequently, in the period 
2007 – 2009, the effect of organic fertiliser–manure 
on grassland production and soil-biological proper-
ties was monitored. Treatments received nitrogen 
(N, kg/ha/year) and manure (M t/ha/year) as fol-
lows: V-1: control; V-2: N40, MH7; V-3: N80, M14; 
V-4: N120, M21.

RothC model
The model enables determination of the turn-

over of organic carbon and this allows for the ef-
fects of important parameters i.e. soil type effects, 
temperature, humidity, and vegetation cover on the 
rotation process, with a monthly interval (Coleman 
& Jenkinson 1996). 

In the RothC model, organic carbon is divid-
ed into four compartments (decomposable plant 
material (DPM), resistant plant material (RPM), 
microbial biomass (BIO), humified organic mat-

Figure 1. Suchý vrch locality.
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ter (HUM)), and a small amount of inert organic 
matter (IOM). Each of these compartments breaks 
down by a process defined as first-order (Coleman 
& Jenkinson 2005).

The input is given by three groups of data to 
allow a correct use.
Climate data:
-	 monthly precipitation [mm],
-	 monthly evapotranspiration [mm], 
-	 average monthly mean air temperature [oC]

Soil characteristics:
-	 clay contents [%],
-	 inert organic carbon (IOM),
-	 initial soil organic carbon (SOC) stock (C t/ha),
-	 depth of soil layer considered [m].

Crop management data:
-	 soil cover (soil surface with or without vegeta-

tion cover),
-	 monthly input of plant residues (amount of C  

t/ha), 
-	 monthly input of farmyard manure (FYM) 

(amount of C t/ha), 
-	 residues quality factor (DPM/RPM ratio).

Detailed information about the RothC mod-
el is available at the Rothamsted Carbon Model 
(ROTHC) : https://www.rothamsted.ac.uk/rotham-
sted-carbon-model-rothc. 

Input data of RothC model for Suchý vrch locality
Validation of the RothC model (warm-up phase) 

was carried out for the 1993 ‒ 2009 period. 
Climate parameters for this period were sent by 

the meteorological station Banská Bystrica.
Soil depth was 0.30 m. Measured data of clay 

content and SOC concentration were received from 
Suchý vrch long-term experiments. Initial SOC 
stock and SOC stock of measured SOC concentra-
tion during the period 1993 – 2009 were calculated 
by the following formula:

Initial SOC stock = SOCm × BD × d

where: SOCm ‒ measured soil organic carbon con-
tent [%]; BD ‒ bulk density [g/cm3]; d ‒ soil depth 
(0.30 m).

The biologically inert SOC fraction (IOM) is cal-

culated from the initial SOC stock by an exponential 
equation (Faloon et al. 1998):

IOM = 0,049SOC1,139

Inputs of organic carbon from plant residues or 
livestock manure were calculated as suggested by 
Bielek and Jurčová (2010):

QR – carbon content in plant input [t/ha], 

Qr = u × kc

where: u – yield [t/ha]; kc – coefficient of carbon 
content in plant input according to predicted yield 
(amount of C t/ha yield) for a given crop;

QH – carbon content in organic manure [t/ha],

QH = DH × CH

where: DH – dose of organic fertiliser, CH – coeffi-
cient of conversion of the organic fertiliser dose to 
the amount of carbon [t/ha].

The mean square error determined the total dif-
ferences between simulated and measured values 
(RMSE) (Loague and Green, 1991) and the STAT-
GRAPHICS Centurion XVI program was used for 
data analysis and visualization.

Prediction of SOC stock (forward phase) was re-
alized in the period 2009 – 2100.

Climate scenarios
The values of climate parameters of scenari-

os RCP (Representative Concentration Pathways) 
2.6, RCP 4.5 and RCP 8.5 of climate model MPI 
were received from the Slovak Hydrometeorologi-
cal Institute. In Table 1 average values of measured 
climate parameters (2000 – 2020) and values of 
climate parameters of each scenario for the period 
(2020 – 2100) are given.

Management scenarios
In all management scenarios (MS), the Kc coef-

ficient in the fourth year of temporary grass cultiva-
tions was used to calculate the plant carbon inputs 
into the soil (QR). We do not consider the application 
of farmyard manure, because manure application 
on grasslands is not a common practice in Slova-
kia. In scenarios MS3 to MS5 we assume different 
grazing intensities. Carbon inputs from grazing an-



109

Agriculture (Poľnohospodárstvo), 69, 2023 (3): 105 − 117

imals’ excrements (QH) were calculated according 
to Tarasovičová and Barančíková (Tarasovičová & 
Barančíková, 2011).

Management scenario I (MS1) represents grass-
lands mown 3 times a year. In this scenario, we con-
sider the mean yearly dry matter yield for the period 
2006 ‒ 2009 under climate conditions typical for the 
Suchý vrch locality.

Management scenario II (MS2) also represents 
grasslands mown 3 times a year. However, in this 
scenario, we consider an average annual dry mat-
ter yield lower, than that recorded in the dry period 
2000 ‒ 2002, in the locality Suchý vrch.

In other management scenarios, in addition to 
plant residues, excrements from grazing cattle were 
considered as carbon input. Under these manage-
ment scenarios, carbon inputs from plant residues 
are significantly lower, than in scenario MS1, de-
pending on the length of the grazing season. 

In management scenario III (MS3), the grass-
lands are mown in May and grazed by cattle from 
June to the end of October. The grazing period lasts 
123 days. We consider 2 cattle units per hectare as it 
is eligible for subsidies. 

In management scenario IV (MS4), grasslands 
are grazed by cattle during the growing season from 
April to October (214 days). 

At management scenario V (MS5) grasslands are 
mown twice a year (May and August): carbon inputs 
from plant resides are the same as in scenario MS1. 
At the end of the growing season from September to 
the end of October (61 days) grasslands are grazed 
by cattle. 

The carbon inputs for each management scenario 
are shown in Table 2.

RESULTS and DISCUSSION

Validation of RothC Model
During the period 1993 – 2009, SOC stock was 

determined on each treatment, but not every year. 
The dataset included 8 measured data of SOC stock.

The RMSE values ranged from 8 to 15, indicat-
ing that the modelled and measured SOC stock val-
ues of the fertilised treatments on all grassland types 
(G, S, T) were in good agreement.

The literature reports RMSE values on long-term 
field experiments in the range of 2 ‒ 30% (Smith et 
al. 1997; Fallon & Smith 2002; Guo et al. 2007). 

For all grassland types, a comparison of mea-
sured and modelled SOC stock values is illustrated 
on treatment V-4 (Figures 2 – 4).

According to the t-test, the sign test and the 
signed test were not found statistically significant 

T  a  b  l  e   1

Average values of climate parameters, temperature (T oC) and precipitation (w mm), measured (2001 – 2020) and each climatic 
scenario (2020 – 2100)

Time period T RCP2.6 T RCP4.5 T RCP8.5 w RCP2.6 w RCP4.5 w RCP8.5

2001 – 2010 8.33 8.33 8.33 801 801 801

2011 – 2020 9.35 9.35 9.35 822 822 822

2021 – 2030 6.14 6.74 6.66 984 835 908

2031 – 2040 6.71 7.01 7.50 895 864 918

2041 – 2050 7.00 6.87 7.41 867 869 941

2051 – 2060 6.92 7.74 7.86 802 840 816

2061 – 2070 7.07 7.90 8,39 910 919 938

2071 – 2080 6.81 7.50 8.34 942 891 891

2081 – 2090 6.56 8.16 9.72 945 853 788

2091 – 2100 6.95 7.41 9.80 847 929 886

RCP – representative concentration pathways.
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differences between the measured and modelled 
SOC stock values. 

When comparing individual ecosystems (T, G, 
S), we set the model to the initial mean SOC value 
stock of all treatments. Carbon input data of plant 
residues and manure represent average carbon in-
puts of all treatments and all grassland types. As can 
be seen in Figure 5, the development of SOC stock 
on each grassland type was significantly different.

On the temporary grassland (T) was found a con-

tinuous decrease of SOC stock during the modelled 
period. On over-sown grassland (S) and semi-natu-
ral grassland (G), a decrease of SOC stock was re-
corded in the middle of the modelled period while 
from 2003 SOC stock for S and G grasslands show 
a slight increase (Figure 5). The significant decrease 
in the SOC stock recorded in the middle of the mod-
elling period for all grasslands may be due to the 
drought period 2000 – 2003, which resulted in very 
low grass yield. As reported by several authors (Job-
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Figure 2. Comparison of modelled and measured values of SOC (soil organic carbon) stock on treatment V-4 on seminatural grass-
land (G).

Figure 3. Comparison of modelled and measured values of SOC (soil organic carbon) stock on treatment V-4 on over-sown 
grassland (S).
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bágy & Jackson 2000; Honley et al. 2015; Koven et 
al. 2017), the amount of precipitation can be a limit-
ing factor that affects SOC stock on grassland. SOC 
stock is significantly influenced also by the carbon 
input from plant residues (Schulp & Verbung 2009; 
Allen et al. 2013; Banwart et al. 2015). It can there-
fore be said that a considerable decrease in plant 
biomass due to the dry season, was also reflected in 
a decrease in the stock of SOC. The reversal of the 
downward trend of SOC stock in all types of pasture 
(T, G, S) may also be a consequence of the contri-
bution of external organic matter in the form of ma-
nure in the period 2006 – 2009. The positive effect of 
manure on SOC stock has been reported by several 
authors (Maillard & Angers 2014; Whitehead et al. 
2018; Kuhnel et al. 2019; Bolinder et al. 2020).

Prediction of SOC stock in the period 2009 – 2100 
for different climate scenarios and different grass-
land management

According to the measured values, the average 
value of SOC stock at the beginning of the mod-
elled period on Suchý vrch grassland was 110 t/ha. 
It can be said that this value of SOC stock is rela-
tively high since, on the basis of monitoring data 
(sampling 2007), the SOC stock ranges from 32 to 
165 t/ha and the average value of Slovak grassland 
is 72 t/ha.

As can be seen from Figure 6, the development 

of SOC stock depends on carbon input to soil (Table 
2). The highest value of carbon input occurs in the 
MS5 management scenario, which is mowed twice 
a year at the beginning of the growing season and 
where at the end of the growing season (Septem-
ber-October) cattle graze. At the RCP 2.6 climate 
scenario, where lower temperatures are expected 
than the current ones (Table 1), the current manage-
ment can slightly increase the SOC stock in the fu-
ture period (Figure 6) but the sequestration is very 
low (0.02 t/ha/year).

The same stock of SOCs from the beginning of 
the modelled period, recorded in the RCP 2.6 climate 
scenario is also maintained in management scenar-
ios MS1 (mowing 3 times a year) and MS3 (mow-
ing once a year and subsequent grazing). However, 
in MS4 (grasslands are grazed by cattle during the 
growing season) and mainly at MS2 (mown 3 times, 
very low dry matter yields due to dry season), SOC 
stock continuously decreases (Figure 6). These sce-
narios have the lowest carbon input to soil (Table 2).

The RCP 4.5 climate scenario also predicts low-
er temperatures in the future period than the current 
ones. The predicted temperatures in the RCP 4.5 cli-
mate scenario are higher than in the RCP 2.6 climate 
scenario (Table 1). The higher temperatures predict-
ed for the climate scenario RCP 4.5 compared to 
RCP 2.6 scenario are reflected in the development 
of the SOC in the future period (Figure 7). At the 
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Figure 4. Comparison of modelled and measured values of SOC (soil organic carbon) stock on treatment V-4 on temporary grass-
land (T).



Agriculture (Poľnohospodárstvo), 69, 2023 (3): 105 − 117

112

RCP 4.5 climate scenario, in contrast to RCP 2.6, 
even with the highest soil carbon input (MS5) the 
SOC stock cannot increase in the future, but only be 
maintained at the same level as at the beginning of 
the modelled period (Figure 7).

At management scenarios MS1 and MS3 at the 
beginning of the modelled period SOC stock is 
maintained at the same level, however in the next 
period SOC moderately decreases (Figure 7). As 
well as in the case of climate scenario RCP 2.6, at 
climate scenario RCP 4.5, SOC stock decreases for 
MS2 and MS4. As the same as with climate scenario 
RCP 2.6, also RCP 4.5, the decrease in SOC stock 
was higher for MS2 than MS4 (Figure 7). Compared 
to climate scenario RCP 2.6., at MS2 and MS4 the 
decrease was greater at the RCP 4.5 climate scenario 
(Figure 7).

At climate scenario RCP 8.5 on all management 
scenarios, during the modelled period, SOC stock 
continually decreases compared to the beginning 
level (Figure 8). At MS5, with the highest SOC in-
put, the initial values of SOC are maintained until 
2050. In the following period, also for this manage-
ment scenario, a decrease in the SOC stock was re-
corded (Figure 8). 

At climate scenario RCP 8.5, the lowest decrease 
of SOC stock during the modelled period, i.e. about 
9%, at MS5 management scenario and the highest 
decease about 56% at MS2 management scenario 
(Figure 8) were registered. 

Based on the obtained results it is clear that or-
ganic carbon inputs and climate parameters have a 
fundamental influence on SOC stock development, 
which is also by the literature (Allen et al. 2013; 
Banwart et al. 2015; Koven et al. 2017; Whitehead 
et al. 2018; Funes et al. 2019; Ledo et al. 2020; 
FAO, 2021; Kizeková et al. 2022). In general, it can 
be said, that a higher carbon input into the soil, is 
reflected in a higher SOC stock, and also, that SOC 
stock is positively affected by a cooler and wetter 
environment.

Achieved results also showed, that in modelling 
SOC stock by the RothC model, carbon inputs to the 
soil have a dominant influence, as even small dif-
ferences in carbon inputs to soil, can fundamentally 
affect SOC stock (Table 2, Figure 6 – 8).

Our results also show a non-negligible effect of 

T  a  b  l  e   2

Carbon inputs from plant residues (C PR) and cattle 
excrements (C E) for each management scenario

Scenarios C PR [t/ha/year] C E [t/ha/year]

MS1 5.99 0.00

MS2 2.24 0.00

MS3 4.67 0.86

MS4 2.55 1.50

MS5 5.99 0.43
Note: MS – management scenario.
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Figure 5. Comparison of SOC (soil organic carbon) development on grassland types (T, G, S) by RothC model.
Note: T – temporary grassland; S – over-sown grassland; G – seminatural grassland.
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temperature on SOC stock development. Modelling 
results show that in the future moderate sequestra-
tion (0.02 t/ha/year) can only be achieved at lower 
temperatures as assumed by the RCP 2.6 climate 
scenario and with sufficiently high carbon inputs. 
This is especially possible with MS5, where an opti-
mal dry matter yield is assumed to be achieved. All 
this occurs through significant carbon inputs into 
the soil from plant residues, but also from additional 

carbon input from the manure of grazing cattle and 
limited to the end of the growing season (Table 1, 
Figure 5). According to the RothC model, in MS5 
of the RCP 8.5 climate scenario, SOC stocks are ex-
pected to decrease (Figure 8) due to the significant-
ly higher temperatures in this scenario compared to 
RCP 2.6 (Table 1). These results are consistent with 
the literature data. Hobley et al. (2015) found that 
precipitation positively and temperature negatively 
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Figure 7. Development of SOC (soil organic carbon) stock at climate scenario RCP 4.5 and different management scenarios.
Note: MS 1 RCP4.5 – management scenario I, climate scenario RCP4.5; MS 2 RCP4.5 – management scenario II, climate 
scenario RCP4.5; MS 3 RCP4.5 – management scenario III, climate scenario RCP4.5; MS 4 RCP4.5 – management scenario 
IV, climate scenario RCP4.5; MS 5 RCP4.5 – management scenario V, climate scenario RCP4.

Figure 6. Development of SOC (soil organic carbon) stock at climate scenario RCP 2.6 and different management scenarios.
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affected SOC stocks in Australian grasslands. A 
significant influence of climatic factors on the SOC 
stock in the pastures of Australia is also reported 
by Allen et al. (2013). Kuhnel et al. (2019) found, 
that seasonal changes in climatic parameters had 
a dominant influence on the SOC stock in Bavaria 
pastures. An increase in autumn precipitation led to 
a decrease, while an increase in spring and summer 
led to an increase in SOC stocks.

Our results also show a wide range of SOC stock 
changes in different management scenarios. Sig-
nificant SOC sequestration was detected only with 
MS5 and climate scenario RCP 2.6. For the other 
management and climate scenarios the RothC mod-
el predicts the elimination of organic carbon from 
soil (Figure 5 ‒ 8). Using the RothC model on pas-
tures in Switzerland, Wust-Galley (2020) reports 
annual changes in SOC stocks during the period 
1990 ‒ 2017 ranging from ‒0.64 to +0.67 t/ha de-
pending on land management. The relatively low 
sequestration of SOC stocks at the Suchý vrch local-
ity may be a consequence of the considerably high 
initial value of the SOC stock (110 t/ha) stated by 
Hassink (1997) and Cotrufo et al. (2019) the soil has 
only a certain capacity for stabilizing organic carbon 
in organo-mineral complexes.

Regarding the effect of grazing intensity on SOC 
stock, the results of individual studies are not con-

sistent (Whitehead et al. 2018), however Abdalla et 
al. (2021) report, that rotational grazing can signifi-
cantly increase SOC stock compared to traditional 
free cattle grazing. Soussana et al. (2006) and Ward 
et al. (2016) found that moderate levels of grass-
land management intensity (N fertiliser application 
and mowing time) were associated with higher SOC 
stocks on extensively but also intensively managed 
grasslands. Whitehead et al. (2018) mention grazing 
intensity as one of the criteria for increasing SOC 
stocks in grasslands but it depends on the species 
composition in grassland and seasonal climatic con-
ditions. Our results show that mowing twice a year 
and grazing at the end of the grazing season (MS5) 
can provide a moderate increase of SOC stock under 
climate scenario RCP 2.6. At an extremely increase 
in temperature, as assumed at climate scenario RCP 
8.5, in the first period of modelling the SOC stock 
level can stabilize at the initial level, but in the fol-
lowing period, SOC stock starts to decrease even at 
management scenario V (Figure 8). 

CONCLUSIONS 

This work represents the first attempt to predict 
development changes of SOC stock at different cli-
mate and management scenarios for Slovak grass-
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lands. Validation of the RothC model on grassland 
long-term experiment of Suchý vrch locality was 
done. Based on our results it can be concluded that 
the model appropriately predicts the development of 
SOC stock on grassland and can be used in forecast-
ing SOC stock in the future period. The results of 
modelling the development of SOCs in three climate 
scenarios and five management scenarios show that 
with a relatively low-temperature increase (RCP 2.6 
climate scenario) and relatively high carbon inputs 
into the soil (MS5) in sandy loam textured Cambisol 
with relatively high SOC content, moderate carbon 
sequestration can be achieved in the future. How-
ever, according to the RothC model results, in man-
agement scenarios with low carbon inputs into the 
soil, mainly with MS2 and MS4, also at lower tem-
perature increases (climate scenario RCP 2.6) SOC 
stock continually decreases. Significantly higher 
temperature increases in the future (climate scenario 
RCP 8.5) will not ensure sequestration or mainte-
nance of initial SOC stock level even with high car-
bon inputs into the soil (MS5).
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