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An experiment of different application rates of biochar and biochar combined with nitrogen fertiliser was conducted at 
experimental field on a Haplic Luvisol located in Nitra region of Slovakia during the growing season of spring barley 
(2014). The aim of this study was to evaluate the effects of biochar and biochar combined with nitrogen fertilisation on 
the soil organic carbon (SOC). The treatments consisted of 0, 10 and 20 t/ha of biochar application (B0, B10 and B20) 
combined with 0, 40 and 80 kg/ha N of nitrogen fertiliser applied (N0, N40 and N80). The results showed that SOC 
content at the beginning and end of the trial was always higher at the plots amended with biochar as compared to con-
trol plots (B0N0, B0N40 and B0N80); however, statistically significant effects were observed only at the beginning of 
the trial as well as at the end of trial in B20N40 treatments. Overall, the highest values of SOC contents were obtained 
at the beginning as well as at the end of the trial when 10 and 20 t/ha  of biochar was applied together with 40 kg/ha N.
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One of the most important factors influencing 
the fertility of the soil is soil organic carbon (SOC) 
(Yang et al. 2012). As increasing SOC through man-
agement in agricultural systems is a slow process 
that is limited by the amount of biomass returned 
to the soil, the nutrient composition of the biomass 
(Kirkby et al. 2011) and the degree to which the 
SOC is exposed or protected from microbial oxi-
dation (Hoyle et al. 2011). The content of SOC in 
cultivated soils, mainly in arable soils, is limited 
by the intensity and depth of cultivation. For this 
reason, the average values of SOC in arable Slovak 
soils ranged from 1% to 2.5% what is unsatisfac-
tory despite a slight increase during the last pe- 
riod (Kobza & Gašová 2014). The most intensively 
used land in Slovakia is Luvisols (Vilček & Bedrna 
2007). Šimanský et al. (2016) published ranges of 
SOC from 0.88% to 2.17% (to the depth 30 cm) in 

Luvisols of Slovakia. Intensive soil tillage practices 
led to a decrease in SOC; therefore, it is extremely 
important to pay attention to equal balance of organ-
ic compounds in the arable soils. One of such possi-
ble innovative solution may include the application 
of biochar, which is an important source of organic 
matter (Fischer & Glaser 2012). Biochar can in-
crease soil C storage (Koide et al. 2014) and in addi-
tion potentially influences soil health and functions 
and interacts with many soil properties because of 
the wide range of effects from biochar addition to 
soil (Solaiman & Anawar 2015).

In this short communication, we verified the ef-
fects of biochar and biochar combined with nitrogen 
fertiliser on SOC content at the beginning and end 
of the trial established in a Haplic Luvisol.

The field experiment was established at the ex-
perimental site of the Slovak University of Agri-
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culture (Nitra-Malanta) in Nitra region of Slovakia 
(latitude 48°19′00″; longitude 18°09′00″). The site 
is in the temperate zone, with a mean annual air tem-
perature of 9.8°C and mean annual rainfall of 539 
mm. The mean air temperature and rainfall in 2014 
was 10.3°C and 640.8 mm, respectively. The soil 
type is classified as Haplic Luvisol (WRB 2006). 
Soil samples from soil depth of 0–10 cm at 10 ran-
dom locations (experimental field trial) were taken 
before setting up the experiment. On an average, the 
soil contained 360.4 g/kg of sand, 488.3 g/kg of silt 
and 151.3 g/kg of clay. SOC was 9.13 g/kg, whilst 
the average soil pH (KCl) was 5.71.

In March 2014, a fully replicated (n = 3) factorial 
experiment was established, which included biochar 
application (0, 10 and 20 t/ha) combined with ni-
trogen fertiliser (Calc-Ammonium nitrate with do-
lomite, LAD 27) application (0, 40 and 80 kg/ha N) 
(Table 1).

The experimental field was ploughed and all 
amendments were evenly applied on the soil surface 
and immediately incorporated into the soil combined 
with or without N fertilisation using a combinator. 
Then spring barley variety Malz (Hordeum vulgare 
L.) was sown in the experimental field (preceding 
crop in year 2013 was corn for silage). Biochar used 
for the field experiment was produced from paper 
fibre sludge and grain husks (1:1 w/w) (company 
Sonnenerde, Austria) by pyrolysis at 550°C for 30 
min in a Pyreg reactor (Pyreg GmbH, Dörth, Germa-
ny), and on an average, it contained 57 g/kg of Ca, 
3.9 g/kg of Mg, 15 g/kg of K and 0.77 g/kg of Na. 
Total C content was 53.1%, whilst total N content 
was 1.4%, the C:N ratio was 37.9, specific surface 
area (SSA) was 21.7 m2/g and content of ash was 
38.3%. On an average, the biochar pH(CaCl2) was 

8.8. Used N fertiliser was calcium ammonium ni-
trate.

Three randomly distributed soil cores (0–0.1 m) 
per plot were taken at each soil sampling and pooled 
to produce an average representative sample for the 
determination of SOC at the beginning (after in-
corporation of biochar and nitrogen fertiliser to the 
soil in March) and at the end of the trial (October) 
in 2014. The SOC content by the wet combustion 
method (oxidation of organic matter by a mixture of 
H2SO4 and K2Cr2O7 with titration using Mohr’s salt) 
was determined according to Tyurin (Dziadowiec 
& Gonet 1999). One-way analysis of variance and 
the least significant difference method was used to 
compare the treatment means for the two levels of 
biochar and three levels of nitrogen application at  
p < 0.05.

The SOC contents at the beginning and the end of 
the trial are presented in Figure 1. The soil analysis 
showed that SOC content at the beginning and end 
of the trial was always higher at the plots amended 
with biochar as compared to control plots. The soils 
that included biochar (10 and 20 t/ha) combined 
with 0, 40 and 80 kg/ha N significantly increased 
the SOC at the beginning of the field trial. Howev-
er, SOC content was significantly higher at the end 
of the field trial only in the B20N40 treatment as 
compared to B0N40. The SOC content generally de-
creased in the order B20N0 > B10N0 > B0N0 when 
no nitrogen was applied and the same trend was 
found in the treatments fertilised with 40 kg/ha N 
following the order B20N40 > B10N40 > B0N40 
and B20N80 > B10N80 > B0N80. By the end of the 
experiment, SOC contents of soils amended with 10 
and 20 t/ha of biochar (B10N0 and B20N0) were 
increased by 20% and 79%, respectively, relative to 

T  a  b  l  e   1

Treatments including individual amounts of applied N fertilisers (first column) and biochar (second, third and 
fourth columns) 

Amount of N fertiliser 
application level (N)

[kg/ha]

Amount of biochar applied (B) [t/ha]

0 10 20

0 B0N0 B10N0 B20N0

40 B0N40 B10N40 B20N40

80 B0N80 B10N80 B20N80
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the control (B0N0). The SOC contents of soils fer-
tilised with 40 and 80 kg/ha N combined with 10 and 
20 t/ha of biochar were also higher by 37%, 77% 
and 8%, 37%, respectively, for B10N40, B20N40 
and B10N80 B20N80 as compared to the controls 
B0N40 and B0N80. The highest values of SOC con-
tents were obtained at the beginning as well as the 
end of the trial when 10 and 20 t/ha of biochar was 
applied together with 40 kg/ha N. This effect appears 
to be caused by the increase of soil organic matter 
(SOM) resistance to microbial degradation. This can 
be linked to the priming effect as reported by Fisher 
and Glaser (2012). Biochar could cause a positive 
priming effect because of its high surface area pro-
viding habitat for microorganisms and because of 
the input of partly labile C substrate (condensates). 
The SOC is an indicator of SOM, which aerates the 
soil and helps to retain water and nutrients. Some 
studies also reported that SOC was increased after 
the application of different biochar types (Kimetu & 
Lehmann 2010; Agegnehu et al. 2016).

Although the SOC in our field trial increased af-
ter biochar application, the levels are still consid-
ered low/middle, which suggests that further bio-
char application would be beneficial to our soils and 
which could also positively change nutrient status 
and water retention capacity of soil and availability 

for plants. However, before the final recommenda-
tions and application of biochar and biochar com-
bined with N fertiliser in different doses to the other 
soils in Slovakia, it is necessary to look closer on 
the other (positive or negative) effects on soil char-
acteristics, transfer elements into cultivated plants 
and yield parameters.
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